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Natural Convection Heat Sink 


Forced Convection Heat Sinks - with Thermal Resistance 
with .8°C/watt Thermal Resistance - as Low as 1.3°C/watt. 
¢ Need No Mica Washers : © 50% Saving in Space 


The forced convection heat sinks are . Astro Dynamics natural convection 
made with an exclusive new close fin . heat sinks have a new design, 
assembly process which permits great , which provides optimum free air 


flexibility in design and economy. Fin flow by careful boundary layer con- 


size and spacing can be varied to : trol between the fins, while at the 
meet the specific requirements of an . same time providing greatly in 
application, and balanced to operate x creased surface area. The result is 
efficiently with available blowers. Mo- . more efficient heat dissipation .. 

dules can be combined to make rec- : and smaller heat sinks. For ek 
tangular or cylindrical chassis forms . ample: Model 2502 has a thermal 
of larger capacities. While modules ° resistance of only 1.3 °C/watt... 


an improvement of 47% over COll- 
ventional designs which occupy 
the same amount or slightly more 
space. And Model 2501, half the 


may be provided with variation in 
shelf arrangement, those illustrated 
provide for transistor mounting with 
complete accessibility and need no 


mica washers, since each module is ; size of conventional designs, has 
electrically insulated from each other . a thermal resistance of onl 
module and from ground. : 2°C/watt. 





Insulated and grounded mounting kits and blower transition 
and adapter plates are available for all Astro Dynamics heat 
sinks. Special transistor mounting arrangements as well as 
special heat sinks and forced convection cooling assemblies 
are made to customer specifications. 











INQUIRIES FROM SALES REPS INVITED FOR ALL 
TERRITORIES EXCLUDING MASSACHUSETTS 
For the performance data, specifications, drawings 


us today. We also welcome your inquiry concerning ASTRO DYNAMICS, in. | 


specific applications and specials. 200 SIXTH STREET, CAMBRIDGE 42, MASS. 
UNiversity 8-6260 















CIRCLE NO. 1 ON INQUIRY CARD 






stor 





t Sinks 


ection 
lesign, 
ee ail 
er COll- 
at the 
tly in 
esult is 
on... 
‘or eX 
hermal 
att... 
er COll- 
occupy 
ly more 
alf the 
ns, has 
f only 









inc. 







ROMECHANICAL 


DESIGN 


Components Design 


Systems Design 








R 1960 


The Sourcebook of Design Ideas in Applied Electromechanics 


14 


16 


20 


bo 
oo 


DECEMBER 1960 e VOL. 4 NO. 12 


Contents 


PHOTOELECTRIC TEMPERATURE CONTROL 
Operation similar to an optical pyrometer 


COMPONENT HOLDING AND COOLING 


A sometime overlooked factor in designing for reliability 


MECHANICAL LOW-FREQUENCY GENERATOR 
Versatile cam design generates many arbitrary waveforms 


SELF-LUBRICATING BEARING 
Plastic construction provides high load-carrying capacity 


SILICON EPITAXIAL TRANSISTORS 
Processing technique reduces collector resistance and switching time 


NON-LINEAR ANALYSIS OF CONTROL LOOP FOR A STABILIZED 
MOUNT 


“Torque picture” superimposed on phase plane allows prediction and control 
of responses 


32 EXPLOSION SUPPRESSORS 
Automatic system snuffs out accidental blasts 
Design Time Saver 388 SELECTION OF PILOT LIGHTS BY LAMP TYPE 
New Techniques 46 MICROMINIATURE CIRCUITRY 
Thin film components for integrated circuits 
Research 56 NEW THEORY FOR RUSTING OF IRON 
Hydrogen ions from water vapor cause destructive reactions 
Components Digest 58 DIGITAL VOLTMETERS—Components Digest 18 
. Sampling frequency, basic converter types, converter bandwidth, selection 
factors, commercial equipment 
Departments 25 PRODUCTION AIDS 
37 CONTRACTS 
55 MATERIALS 
76 NEW COMPONENTS FOR ELECTROMECHANICAL SYSTEMS 
78 BOOK REVIEWS 
80 NEW CATALOGS FOR YOUR LITERATURE FILE 
81 PRODUCT INDEX 
82 INDEX TO ADVERTISERS 
IPA Circulation for December 
over 29,000 84 DATA SHEETS FOR YOUR THREE-RING BINDER 
SRIPTION POLICY 
tes: AL DESIGN is circulated only to qualified re- engineering function is electronic, mechanical or electro-mechanical. The 
Tithe development and design engineers in all branches of industry in letter containing this information must be signed by you. Address changes 
5 Continental United States, including government installations and for current subscribers require a re-statement of above qualifications. 
the You can qualify for a complimentary subscription by sending Home subscriptions to qualified subscribers are available at a service 
: slowing information on your company letterhead: your name and fee of $2.00 per year; subscription rate for non-qualified subscribers, 
the company’s Products; the number of engineers in your depart- $10.00 for one year only; library, group or company subscriptions, $10.00 
number of engineers in your company and a description of your for one year only. All foreign subscriptions, $20.00 for one year. Single 
“and design functions. Please indicate whether your major copy $1.00 when available. 








































~ _ IMMEDIATE 

OFF-THE-SHELF 

DELIVERY... 
FROME 
DAVEN! 


Standard switches, adjustable stop switches, ceramic 
switches, subminiature Series G switches . . . 

available for immediate delivery from Daven or 

your local Daven Distributor. 

This solves your problem of obtaining Daven precision 
rotary tap switches overnight . . . in breadboard, 
prototype or production quantities. 

Write today for complete listings and technical data. 


THE DAVEN COMPANY, Livingston, New Jersey 
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Heinemann can give you any set delay from a 
quarter-second wink to a two-minute yawn, all 
wrapped up in a relay no bigger than a healthy ice 
cube. Called the Type A Silic-O-Netic Relay, this 
three-ounce time-delay unit offers S.P.D.T. or 
D.P.D.T: switching, with up to three amps’ con- 
tact capacity. All of which is pretty good, but the 
real clincher is the continuous-duty coil. It permits 
the relay to be energized continuously, to serve as 
a load relay, too. This eliminates the need for 
auxiliary lock-in circuits. Result: substantial 
savings in space, wire, solder—and dollars. Bulle- 
tin 5003 gives detailed specifications; a copy is 


yours, of course, for the asking. 


HEINEMANN ELECTRIC COMPANY 


125 PLUM STREET <> TRENTON 2, NEW JERSEY 
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instant and automatic _ 
relief of excess pressure — 

with dependable corrosion-resistant 

rupture discs 








In pressurized apparatus subject to corrosive action, pre- 
cious metal rupture discs provide the safest, most accurate 
and dependable relief. Platinum, gold, and silver are now 
generally recognized as specifics when dealing with corro- 
sion. Each is resistant to the corrosive effects of an impor- 
tant group of liquids and gases and will remain unattacked 
under conditions that would render many base metal mate- 
rials useless. These rupture discs, depending on material 
selected, are guaranteed to be burst +5% of specified 
pressure. Intrinsic value adds to the original cost of these 
discs but the actual metal value is recovered, no matter how 
torn or battered the discs may be. Send for literature. 





BAKER PLATINUM DIVISION ¢ 113 ASTOR STREET 
NEWARK, N. J. 


fine wire, thin foils, ribbon and sane 


ad Oe 





DIVISION 


tubing in noble metals and 
their alloys, for all applications. 


The unique combination of properties of the noble metals 
continually recommend them for industrial applications. Our 
modern melting, wire drawing, rolling and heat treating 
equipment coupled with long experience in the field is at 
your service for production of standard and special items. 
WIRES: Bare drawn wire of ductile materials down to .004” 
—High temperature thermocouple wires—High temperature 
furnace windings — Potentiometer and Resistance wires — 
Platinum clad tungsten wire. 
FOILS: In platinum, palladium and gold down to .0001”— 
In iridium and rhodium as thin as .001”. 
TUBING: Seamless in platinum, palladium, gold and their 
alloys. Sizes from .018” with .004” wall up to 14” with 
042” wall. 

For complete information write for our leaflets, “Fine 
Wire, Foils, Ribbons” and “Noble Metal Thermocouple Wire”. 


BAKER PLATINUM DIVISION + 113 ASTOR STREET 
NEWARK, N. J. 





DOMESTIC DIVISIONS: AMERICAN PLATINUM & SILVER DIVISION * AMERSIL QUARTZ DIVISION * BAKER CONTACT DIVISION * BAKER DENTAL DIVISION ® ere “a 
DIVISION * BAKER SETTING DIVISION * CHEMICAL DIVISION * HANOVIA LIQUID GOLD DIVISION * INSTRUMENTS & SYSTEMS DIVISION * IRVINGTON-BAKER REF Lt! 
SION * D. E. MAKEPEACE DIVISION * RESEARCH & DEVELOPMENT DIVISION * H. A. WILSON DIVISION. COMPANIES ABROAD: ENGELHARD INDUSTRIES OF omer ; 
RONTO * ENGELMARD INDUSTRIES ATINUM DIVISION, HANOVIA PRODUCTS DIVISION, LONDON * SOCIEDAD SURAMERICANA DE METALES PRECIO . 


PROMPT PRECIOUS METAL SCRAP RECOVERY SERVICE * ENGELHARD PROCEDURES RECO 


FOR RUPTURE DISCS FOR NOBLE METAL 
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\Reduce your assembled costs 





y | ‘sociated Spring Corporation 


} “lace Barnes Division, Bristol, Conn. and Syracuse, N. Y. 
F.N. Manross and Sons Division, Bristol, Conn. 
Dunbar Brothers Division, Bristol, Conn. 

Hp alice Barnes Steel Division, Bristol, Conn. 


Subsidiary: Wallace Barnes Co., Ltd., Hamilton, Ont. and Montreal, Que. Puerto Rican Subsidiary: Associated Spring of Puerto Rico, Inc., Carolina, P.R. 


DECEMBER 1960 


Raymond Manufacturing Division, Corry, Penna. 
Ohio Division, Dayton, Ohio 

Cleveland Sales Office, Cleveland, Ohio 

Chicago Sales Office, Chicago, Ill. 


with new 
Spring-Flow 
packaging 


... more efficient 
handling, storing, 
sorting, orienting, 
feeding, placing 

of springs for 
installation 


To production planners, Spring-Flow packaging opens 
up a world of possibilities for assembling A.S.C.-made 
springs, small stampings, and wire forms into your prod- 
ucts easier and faster. It solves many problems caused 
by intricate shapes, tangling, loss by spoilage; maintains 
critical tolerances, uniform quality; simplifies inventory 
control and storage. 


To learn how Spring-Flow may solve 
your problem, contact the nearest 
A.S.C. Division, or write for Spring- 
Flow booklet giving additional 
information. 


General Offices: Bristol, Connecticut 


B-G-R Division, Plymouth and Ann Arbor, Mich. 
Gibson Division, Mattoon, Ill. 

Milwaukee Division, Milwaukee, Wis. 

Seaboard Pacific Division, Gardena, Calif. 
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PyroTemp, a photoelectric temperature 
control developed by The Clark Con- 
troller Co., Cleveland, Ohio, is a tem- 
perature-limiting device for controlling 
industrial heating processes. The unit 
will control the temperature of moving 
parts on continuous strip, count heated 
work-pieces, contro] automatic quench- 
ing and control induction or resistance 
heaters. 

PyroTemp functions by measuring 
infra-red radiation. No contact with the 
workpiece is required since the tem- 
perature is sensed from a distance. The 
pickup, with an infra-red sensitive pho- 
tocell, is aimed at the heated surface. 
An amplifier, temperature-selection 
dial, and output relay is housed in a 
separate control unit. When the tem- 
perature exceeds that of the pre-set 
level, the relay operates. Because of 
the rapid response time of the lead- 
sulphide photocells, speed is limited 
only by the operating time of the out- 
put relay. Fig 1 illustrates the opera- 
tion of Model PT-803. 

For use where the minimum tem- 
perature to be controlled is 500 F or 
greater from an area of 0.125 sq. inches 
at a distance of 1 foot, Model PT-803 
has a refined optical scanning system 
that can be focused at very small areas. 
Repetitive accuracy is +1% at the low- 
er end of the temperature range. Ap- 
plications include delicate soldering op- 
erations where sufficient heat is neces- 


PHOTOELECTRIC TEMPERATURE CONTROL 






Operation Similar to an Optical Pyrometer 


Fig 2 Pickup unit of Clark Controll- 
er’s photoelectric temperature control. 
Physical contact with the workpiece is 
not necessary. 


sary to obtain a good joint, but where 
excessive heat would damage or alter 
part structure. 

Model PT-803 contains two units: A 
dust-proof pickup unit (Fig 2) that 
contains the focusing optical system, 
reference lamp, infra-red sensitive pho- 
tocell, ball-bearing motor and aperture 
disc; the control unit (Fig 3) contains 
the amplifier, meter, thyratron-con- 
trolled output relay and adjustable- 
potentiometer level control. 

Ambient operating temperature range 
for the control and pickup is 0 to 100 





Fig 3 Control unit of P drawal of sm 
seatneiidhite temperature cu ! } out fracturing 
power, Repla 

devices is 
cramped qua 
F. Power supply is 105-125 volts, § the protective 
cycles. Current input is 0.35 ampen§ tegrity of the 
The shortest signal required to operat therefore all 4 
the relay is 1/60th second and te? these parts | 

maximum operating rate is 600 perf lability, 

minute. The engines 
A second model, PT-801, is for wef beyond the ; 
where the minimum temperature tobe) tional spring s 
controlled is 1000 F or greater froma he is designi 
area of 0.42 sq. inch at a distance of] § tocket field, fc 
foot. Repetitive acucracy is +10¢#§ aitbome syste: 
the lower end of the temperature op § aitical factor, 
erating range but greater accuracy auf metallurgy ar 
be expected at higher temperatures. § tiques have , 
Write No. 171 in Box on Inquiry Cerd cant improvem 
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Fig 1 Model PT-803 works like an 
optical pyrometer with a photocell 
substituted for the human eye. In- 
frared radiation from the heated 
workpiece is focused on the moving 
apertures of a spinning disc and 
fall on a photocell whenever an aper- 
ture passes between the lens and 








photocell. A reference lamp is also 
focused on the spinning dise in such 
a way that “reference pulses” are 
generated as the photocell first sees 
the reference lamp and then sees the 
heated workpiece. The intensity of 
the reference lamp is varied by a 
potentiometer control and the out- 


ing devices ( 
LAMP material long 
in receptacle in front ot resistance to cx 
to aid positioning 

compound an 
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PHOTOCELL quencies are d. 
put relay is energized when the radi- of steel, 

ation from the heated workpiett Pethaps the 
equals or exceeds the radiation from} “ventiona] ct 
the reference lamp. Since ph | their tendency 
and amplifier work on the differen? 19 cayse of the fl 
or equality of two signals, any iPad 








in photocell sensitivity or wa 
gain has no effect on accuracy: “he 
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Gontinued emphasis on reliability of 

ts has focused increased at- 

tation not only on the structure and 

ce of the components them- 

sdlves but on their immediate environ- 

ment-allotted space in the system, 

im and means of fastening and 

holding, and facilities for cooling and 

ion from shock, vibration and 
related hazards. 

Growing use of printed circuitry and 
modular type construction has served 
to intensify the need for fuse clips and 
gall component holders, heat sinks, 
and related devices which will permit 
quick and easy insertion and with- 
drawal of small parts repeatedly with- 
out fracturing or losing their holding 








otemp, 4 





" power, Replacement of such holding 
devices is inherently difficult in 
camped quarters without damaging 

volts, )§ the protective coatings or structural in- 

) ampere § tegity of the mounting board. It is 

‘0 operat § therefore all the more important that 

and the? these parts have long life and re- 
600 perf liability. 

The engineer would do well to look 

is for wef beyond the specification of conven- 

ture tobe} tinal spring steel clips, particularly if 

or fromatp he is designing for the missile and 

tance of! § eket field, for satellite equipment or 

+104 tf tirbome systems where reliability is a 

rature op § citical factor. Recent developments in 

curacy uf métallurgy and heat treating tech- 

ratures. f tiques have contributed to a signifi- 

ry Cod cant improvement in holding and cool- 

ig devices of beryllium copper—a 

material long known for its superior 

téistance to corrosion and fatigue, but 

now, inordinately difficult to 

‘mpound and fabricate with con- 

stent and desirable characteristics. 

Design details for spring steel clips 

#@ not applicable to beryllium copper 

t extensive modification of ma- 

thi _ of contour and con- 

. spring tension and other 

Warables. Sympathetic resonance fre- 

uencies are different, requiring damp- 

) “> Measures quite different from those 

e radi | Of steel, 

rkpieee | Pethaps the most common failure of 

— | aya steel clips and holders is 

: aul tendency to fracture, either be- 

y deft a the flexing action of insertion 


— or more likely, from 
up through sympathetic 
Vibration. In most modern civil and 
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coMPONENT HOLDING AND COOLING 


A Sometimes Overlooked Factor in Designing for Reliability 
ty Arthur F. Spear, Jr., Chief Engineer, Atlee Corp., Woburn, Massachusetts 


military aircraft, the troublesome reso- 
nance range is from 1200 to 1500 cps. 
Even if fracture does not occur, vibra- 
tion at these frequencies causes a pro- 
nounced loss of holding power, and 
in some cases will “walk” the com- 
ponent longitudinally out of the clip 
or holder. 

The introduction of beryllium cop- 
per did not immediately yield the an- 
swer to the problem of fracturing; 
moreover it introduced additional dif_i- 
culties of fatigue in the form of spring 
tension relaxation. Persistent research 
revealed that the cause of both phe- 
nomena lay in the heat treating, which 
permitted the metal to absorb minute 
quantities of hydrogen. The hydrogen 
embrittlement tended to concentrate at 
the surface, particularly in the radii. 
The shorter the radius, the greater the 
relative concentration of embrittlement. 

While extensive experimentation 
continued with other non-ferrous 
metals and with various steel alloys, a 
major study of beryllium copper heat 
treating fulfilled most of the desired 
goals—as had been expected. Empiri- 
cal testing of various wall thicknesses 
resulted in a choice of 0.016 inch as 
a standard gauge for all but the very 
large or the microminiature sizes. This 
material permitted specification of 
temper and platings which produced 
a finished product with a resonance 
frequency well above the specified 
spectrum limit of 2000 cps, while re- 



































beryllium cop- 
per tube holder for applications where 
reliable holding ability under extreme 
environments is required. The arrows 
show direction’s test forces were ap- 
plied. 


Fig 1 Atlee Corp’s. 


taining all of the other needed charac- 
teristics. 

The testing program included evalu- 
ations for holding power under im- 
pact and under steady-state accelera- 
tion, for holding power of the clips 
when subjected to a vibration environ- 
ment up to 2000 cps before and after 
an insertion-withdrawal life test, and 
after exposure to 500°F for 15 minutes. 

The impact and acceleration tests 
indicated no significant movement be- 
tween the component and its holding 
clip after 50 g’s impact or when sub- 
jected to 63% g’s acceleration. None of 
the clips broke, nor did any exhibit a 
resonance frequency below the speci- 
fied limit. Fig 1 illustrates the planes 
in which the impact and acceleration 





Force (Ibs) Required to Slide Component Out of Holder 
(Based on 95% Confidence Level) 














DYNAMIC TEST DYNAMIC TEST 

PRIOR TO DURING AFTER DYNAMIC TEST 

UNIT SIZE PLANE LIFE TEST LIFE TEST LIFETEST AT HIGH TEMP.* 
A 0.016 1 6.9+3.4 7141.3 7.62.6 10.22.64 
2 8.9—4.5 9.1—2.5 eeue 
B 0.016 1 4443.6 2.6+0.7 4,2+2.4 4.0+1.74 
2 3.3—2.4 3.9—1.8 — 
Cc 0.014 1 6.12.6 5.21.9 5.12.0 5.91.86 
2 5.8—2.8 44—19 beats 





throughout the conclusion of the test. 


clip to the board during all tests. 





*The surface temperature of the clips was approximately 200° F at the start of the 
test and decreased to 95° F at 1100 cps. The surface temperature remained at 95° F 


Four clips of each description were used in these tests. All clips were of silver plated 
beryllium copper. Two No. 2-56 screws tightened to 6 in.-lbs were used to hold each 
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tests were conducted. An essentially 
similar series of tests on representa- 
tive samples of clips and holders sup- 
plied by three manufacturers were 
conducted by Bendix Aviation Cor- 
poration’s Bendix products Div. (mis- 
siles) at Mishawaka, Indiana, and re- 
ported in their Engineering Reports 
247 and 345. The results shown in the 
following tables illustrate the fact that 
these small devices are worthy subjects 
for continuing research and engineer- 
ing development. Differences in per- 
formance are attributed primarily to 
differences in the heat treating tech- 
niques. 

As miniaturization is developed, 
more and more emphasis will be 
placed on sophistication in holding and 
cooling devices. The dividing line be- 
tween them and the bona fide com- 
ponent itself may become indistinct. 

For some time to come, however, 
the independent holding and cooling 
devices must continue to improve to 
meet increasingly stringent demands. 
It behooves design and standards en- 
gineers to be aware of the demands 
that system performance requirements 
impose on them in selecting these de- 
vices from the wide variety available. 

Write No, 157 in Box on Inquiry Card 
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Selected Glasses 


Properties of 32 commercial glasses, 
including several new varieties, are 
detailed including mechanical, elec- 
trical, thermal and viscous. The 16 
page booklet also contains new sections 
on thermal expansion and optical pro- 
perties. Temperature conversion chart 
is also included. 


Source: Corning Glass Works 
Corning, N.Y. 


For Your Copy: Write No. 836 on Inquiry Card 


Metal Corrosion 


4 in. by 8 in. card that works like a 
slide rule tells in seconds how each of 
eight types of metal withstands the 
corrosive effects of 141 chemical 
agents. The metals are common in 
mechanical work—brass and naval 
bronze; silicon bronze; monel metal; 
stainless types 410, 416, and 430; 
stainless types 302, 303, 304 and 305; 
stainless type 316; copper, and alu- 
minum. 


Source: H. M. Harper Co. 
Morton Grove, Ill. 


For Your Copy: Write No. 829 on Inquiry Card 
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CONSTANT FUNCTION 
FIELD GENERATING Por” 
¢ 
115 GEAR BOX CAM, 
VACT MOTOR MS. ee FOLLOWER 
AND a 
ARMATURE SPEED bonis 
RANGES 
SPEED 
CONTROL pe 
AND SUPPLY 
REGULATIO at 
CIRCUITS By it 
Fig 1 Block diagram of Tensor 60 CPS 2 
Electric Development Co’s mechan- OR 
ical low frequency generator. EXTERNAL 
CARRIER 
MECHANICAL LOW FREQUENCY GENERATOR 
Versatile Cam Design Generates Many Arbitrary Waveforms | 


Low frequency (under 1 cps) wave- 
form generators have conventionally 
used electronic circuitry (diode shaping 
networks) to produce sine, triangle and 
other waveforms. Mr. Bruce Erlichman 
of Tensor Electric Development Co., 
Brooklyn, N.Y. pointed out that the 
sophistication of these circuits has in- 
evitably led to a high selling price and 
limited applications (in the sense that 
these generators produce only those 
waveforms for which the circuits have 
been designed). This consideration 
prompted his company to develop a 
generator that uses mechanical means 
for producing sine and triangle wave- 
forms. By simply changing cams, many 
arbitrary waveforms can be generated 
and are available in a modulated sup- 
pressed carrier form (with externally 
supplied carrier or internal 60 cps 
carrier) at the front panel terminals 
for servo testing and experimentation. 
Mr. Erlichman reported that this 
generator costs less to produce than 
the conventional types. 

Fig 1 shows a block diagram of the 
essential elements of the mechanical 
generator. The driving motor is a con- 
stant field excitation de motor whose 
speed is variable from 600 to 6000 
rpm. A feedback circuit using a tach- 
ometer, thyratron and phase shift net- 
work accomplishes speed control and 
regulation. 

Covering 10,000 to 1 overall speed 
reduction range, four output shafts of 
the gear box reduce the motor speed 
by 10 to 1 in four steps so that the 
outputs are 60 to 6 rpm, 6 to 0.6 rpm, 
0.6 to 0.06 rpm and 0.6 to 0.006 rpm. 
The gear box output drives a shaped, 
phenolic cam whose spring held 
follower arm is attached to a potenti- 
ometer. The angular position of the 
pot is proportional to the cam rise and 



































fall so that if a de voltage is appli 
to the pot, the output voltage is pp 
portional to the function reproduc ; 
on the cam. Actually, the output j 
taken differentially to eliminate ty 
de component. If ac is applied to th 
pot, the output is a suppressed cami 
(phase reversing) signal whose env 
lope is the desired function. Thus, th 
generator will produce a_ wavel 
proportional to the cam radius @ 
frequencies of 10 to 1 cps, 1 to 0.1 
0.1 to 0.01 cps and 0.01 to 0.001 oxy - 
Torque builds up as the motor spedig 
is stepped down. Therefore, it wi 
first thought that regulation of te 
motor speed with torque would noth 
required. However, since a stiff sprig 
holds the follower to the cam (nec 
sary because of 10 cps upper limiti 
frequency), regulation was 
With the regulation circuit used, 1 
higher torque (occuring on WE 
portion of the cam with a large pity | 
sure angle) tends to slow down Rj” 
motor, thereby dropping the volify 
out of the tachometer. This causesa} 
thyratron grid voltage to become my 
negative, allowing the tube to Dmg 
down earlier in the cycle and J 
ting more current to flow to them) 
tor. Thus, the motor tends to pick 
speed and re-establish initial oy 
tions. The phase shift network of 
regulation circuit allows greater 
trol of the firing angle. = 
The design of the cam inal] 7” 
plotting the necessary 
polar coordinates, adding a constat 
prevent negative radii and an 4 
ical method for eliminating em 
to cam follower moving in anaret 
than a straight line. A DPDT ® 
provides a square wave output 
synchronous purposes. es 
Write No. 187 in Box on inquiry Cad 
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We welcome modifications 
to our standard 
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| Power Supply Line! 
MODEL MODEL SM5-15 
2E30-100 S 
f 
is applied commercial application 
ge is pw milita 
ry requirement : ne 
eproduce | A complete family of temperature indicat- 
be Polaris missile submarines are ing instruments and bridges, manufactured 
ied to th i using this power supply in the by RdF Corporation (formerly Arthur C. 
sed carts } precision servo system which drives Ruge Associates) Hudson, New Hamp- 
"The : and positions the navigational peri- shire, utilizes the SM5-15. Small and light 
wane scope. Developed by Nortronics, enough to go into portable instruments 
radius @ Norwood, Massachusetts, the sys- with output measurements to within 2.5°F, 
to 0.1 om tem has proven very successful. it is precise and well regulated for use in 
0.001 ops. 
rotor speed The critical accuracy necessary for a high accuracy temperature averaging 
re, it we navigation required a very stable wind tunnel system with output measure- 
= \} power supply. ments to .1°F. 
‘ : | . Input: 
stiff sp \ +? , Input: mews volts +10% 60 to 400 cps. 
am (nede it me 115 volts +10% 400 cps +5% extent 
uhh Dual Output: utput: 
per limit \ wa" #1 130 volts D.C. @ 100 ma +5 volts D.C. @ 15 ma 
as needel #2 —30 volts D.C. @ 100 ma cin ‘Sabet 
it used, # Line, Rasasiatiote TOs to 125 volts input .1% for 105 to 125 volts input 
on ad Regulati Load Regulation: 
large pit ky for 0 to full load .25% for 0 to full load 
» down te Ripphe: Ripple: 
.1% peak to peak pple: 
the vo Operating Temperature: ‘1% peak to peak 
5 causes i 0 to +50°C Operating Temperature: 
: Storage Temperature: 0 to +50 
to its vtech Storage Temperature: 
e pet ary xX 3%” high —40 to +75°C 
| Weight: 17 Dimensions: . 
o}* js 5” x 34%” x 14%” deep 
pre Meets MIL-E-16400b (USN) Weight: 447 
o i MIL- STD-242 
great pa ee Boscom of standard Minisource® Model M30-100 Modification of standard Minisource® Model M5-50 


















These are typical examples of Elasco’s flexibility in modify- 
ing the standard Minisource® line to customer requirements. 


Write Now For Your Copy Of Catalog #960 
Do Not Hesitate To Contact Us Regarding 
Your Requirements 


ELASCO INCORPORATED 


FIVE PRESCOTT STREET 
ROXBURY 19, MASSACHUSETTS 


HIghlands 2-1600 
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BINARY CODE GENERATORS 


Versatile Combinations of Motor- 


Driven Printed Circuit Discs 


Designed in response to the rapidly 
increasing demands of industry and 
the military for inexpensive devices 
which present accurate electrical out- 
put signals in digital coded form, 
binary time code devices, developed 
by A. W. Haydon, Waterbury, Conn.., 
are basically shaft-position encoders. 
Analog data in the form of shaft- 
position angles are converted to a 
digital output represented by a coded 
pattern of electrical signals. 

Although units presently in pro- 
duction are basically binary time 
coded, many types of output code 
(pure binary, excess three, gray or 
cyclic), as well as wide ranges of 
timing periods, different drive sys- 
tems, a large selection of ac and de 
timing motors or stepper motors and 
various types of control and acces- 
sory equipment can be combined to 
satisfy a wide variety of specific 
requirements. 

Military version of the code gen- 
erator consists of a synchronous mo- 
tor driving two printed circuit code 


discs, with each circuit having a 
switching pattern representing 0 to 
59 in decimal binary code. Together, 
they provide 3600 consecutive coded 
time periods through 59 minutes, 59 
seconds, after which they recycle. 
Bidirectional external adjustment 
knobs permit resetting or presetting 
the circuits to coincide with refer- 
ence times whether the unit is op- 
erating or not. 

Another model of the A. W. Hay- 
don binary encoders is a binary time 


digital master clock with an ; 
inated display which indicates time 
in minutes and seconds, up to 999 
minutes. The unit provides 
synchronization between the 
clock and slave clocks at al] times, 
Binary time code signals are gen. 
erated by motor-driven code dises 
within the master clock 

and these signals energize the digits] 
readouts for both the master clock 
and any number of remote slave 
clocks. The desired display time 
(time remaining or countdown time) 
can be reset or preset by manually 
turning the set knobs on the fron 
panel of the master clock. With the 
panel switch in the “internal” pos. 
tion, the clock will operate directly 
from 115 v. 60 eps power lines, 
With the switch in “external” posi. 
tion, it will operate from an «. 
ternal crystal controlled 60-puls. 
per-minute pulse source. 

Other design modifications pro. 
vide an add or subtract function 
only, instead of the joint subtract 
and add function; allow operation 
on different power supplies; and in- 
clude a method for presetting pro. 
grammed functions at prese'ected 
times within the time range. 

Write No. 193 in Box on Inquiry Card 
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Orders of Magnitude More Sensitive 


MICRO-SENSOR MS 105-350 


FEATURING 


ELECTROMECHANICAL BS fe. net 








Ligrifeesi beset 


Now Norden binary-coded decimal converters 
for commercial application 


1000 count per turn 

self-contained logic 

self-selecting brushes 

continuous reading at high speeds 
several models in 4 2 2 1 code* 


offers a wide variety of binary-coded decimal 


aft encoders for commercial applications. These en- 
ws meet or surpass military specifications, and have 


‘ode disc patterns produce a totally unambiguous 
-1* binary decimal readout ranging from 2 to 6 


es. The units can be used for feeding high speed 
ers and servo systems. . . data logging, machine 


‘automation, test stands, flight check-out. Self- 
ting V-scan increases reliability and life while 
ig Space and reducing complexity and cost. Load 
ying brushes never commutate. These are the only 


s that have provision for automatic self-checking 


i devices for virtually 100% error monitoring. 


al models are available in 4-2-2-1 CODE which 


id 8S a nine’s complement and makes available in a 
® encoder an increasing numerical count for both 
Mons of shaft rotation. 


4 


te 
. 


AARC MARE ARK HTT Ne IT Ay ER A, 


MODEL 
NO. 


ADC-ST2-BCD 


a 


TOTAL REVOLU- ACCURACY 


COUNT TIONS FOR 


FULL COUNT 
10? 1 


(1 part in) 


100 





ADC-3-BCD 


10° 10 


1,000 





ADC-4-BCD 


104 100 


10,000 





ADC-5-BCD 


105 1,000 


100,000 





ADC-6-BCD 


10° 10,000 


1,000,000 





ADC-ST3-BCD 


10° 1 


1,000 





ADC-5-BCD-1000 


10° 100 


100,000 





ADC-3-36BCD 


360 3.6 


360 





ADC-4-36BCD 


3600 36 


3,600 





ADC-5-36BCD 


36,000 360 


36,000 





ADC-6-36BCD 


360,000 3,600 


360,000 





ADC-ST3-36BCD 


360 1 


360 





BRL-5 


360,000 1 


360,000 





ADC-ST2-BBCD* 


10? 1 


100 





ADC-3-BBCD* 


103 10 


1,000 








ADC-4-BBCD* 


104 100 


10,000 





ADC-5-BBCD* 


105 1,000 


100,000 





ADC-6-BBCD* 


10¢ 10,000 


1,000,000 





ADC-3-36BBCD* 


360 3.6 


360 





ADC-4-36BBCD* 


3,600 36 


3,600 





ADC-5-368BCD* 


36,000 360 


36,000 





ADC-6-36BBCD* 


360,000 3,600 


360,000 


= — 





Write Norden or call TRinity 4-6721 for complete specifications 


NORDEN DIVISION 


UNITED AIRCRAFT CORPORATION 


MILFORD DEPARTMENT, WILEY STREET, MILFORD. CONNECTICUT 
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WHAT IF YOU GET NO WARNING 


UNDER VIBRATION? 


Vibration is one of the cruelest enemies of 
pressure switches. The unit that performed so 
well in -the lab can have its insides shaken 
apart when vibration hits a resonant fre- 
quency. 

The only way to be assured of satisfactory 
performance is to run the pressure switch 
through tests that duplicate every known op- 
erating requirement. 

Take Model 6885 shown at right. Integral 
vibration isolation between mounting bracket 
and switch body makes possible exceptional 
performance under shock and vibration. Its ac- 
curacy is +4% under all conditions, including 
ambient temperatures ranging from — 75°F to 
250°F, as well as vibration at all frequencies 
through 2,000 cps. It weighs only 10 oz., 
measures 334” to 43”. 

Do it yourself. Take one of our Model 6885 
units and run it through six weeks of testing 
as we did. 

Or save six weeks by asking for our test 
data on a full line of pressure switches and 
choose the units that fit your needs best. Call 
Mr. Charles Colt at Consolidated Controls, 
Bethel, Conn. Phone Pioneer 3-6721. 





Inches of Water 
to Hundreds 
of Atmospheres 


Model 6885 shown above is one of 
more than 300 pressure switches 
available from Consolidated Con- 
trols for missile, aircraft and nu- 
clear applications. Working pres- 
sures range from 10” of water to 
10,000 psi at ambient tempera- 
tures from —65°F to 1000°F. 
Standard models for 

* high vibration 

¢ differential pressures 

¢ hydraulic 

* miniaturized applications 

¢ high temperature 


CONSOLIDATED CONTROLS CORPORATION 


7 AMember 
of The Condec Group 








BETHEL, CONNECTICUT 
INGLEWOOD, CALIFORNIA 
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SELF-LUBRICATING BEARING 


Plastic Construction Provides 
High Load-Carrying Capacity 


A comparative newcomer to the receg. 


ly developed group of self lubricati 

bearings is “Fabroid”, a durable beg. 
ing of specially reinforced plastic co, 
struction, reported to be unmatcha 
for high unit load, long life, low-frictigg 
and high temperature applications. De 
signed by the Micro-Precision Diy, of 
Micromatic Hone Corp., L.A, Cah 
fornia, Fabroid is a fabric woven ¢ 
both fibrous glass and Teflon fibers and 
backed up by a second fabric of glas 
cloth impregnated with phenolic. The 
glass-phenolic system acts as a lattice 
work or honeycomb, trapping the Te 
lon to prevent it from cold-flowing. 

In Fabroid journal bearing applice 
tions a material was required to support 
the Fabroid bearing element. The m 
terial had to be capable of being trans 
fer molded, had to provide a good bond 
between itself and the Fabroid element 
and possess other desirable characteris 
tics. Durez 16771 phenolic molding 
compound, a development of the Durez 
Plastics Div. of Hooker Chemicil 
Corp., North Tonawanda, N.Y., was 
chosen because it met these requité 
ments, showed excellent molding qual 
ties, compressive strength resistance 
many oils, acids and alkalies, In add: 
tion, it has good dimensional stability 
and operates efficiently at elevated tem 
peratures. 

Fabroid’s two chief features are it 
high load-carrying capacity and long 
life, which are said to result from com 
bining two factors, restraint of Teflomt 
cold-How tendency and the inheret 
strength of its Teflon fibers compared 
to other forms of Teflon. 

In making self-aligning bearings atl 
rod ends, Micro-Precision uses a 
part metal assembly with Fabroid® 
the lubricating bearing element hi 
producing journal bearings, F 
cut to size is placed in a transfer 


COMPONENTS DEsSicn// 














ing die and Durez 16771 Pp 
molding compound is transfer-moldel 
around the Fabroid liner. A tolerant 
of 40 millionths is held for spheric} 
with a finish of 4 microinches, ms. 
Use of Fabroid bearings is limit 
thus far to high unit load, low ¥ 
applications. Until more can be 
Micro-Precision does not reco 
them for high surface speed, Jow-lal 
applications. Fabroid bearings 
no lubrication between bolt 
bore. Because frictional resistaneé 
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Self-alignin; 
ends, and p 
factured by 
matic Hone 
Fabroid as 1 


tween bolt : 
between ba 
turning of | 
Because ; 
an abrasive 
fected by 
Fabroid has 
tests perforr 
For more infor 
molding compo: 
Write No. 
For more inforn 
Write No. 
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Epitaxial 
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Self-aligning spherical components, rod 
of glass fends, and plain journal bearings manu- 
lic. The | faetured by Micro-Precision Div., Micro- 
a lattice | matic Hone Corp., L. A., Calif., using 
the Te. fabroid as the bearing element. 





spall tween bolt and ball is higher than that 
between ball and Fabroid, there is no 

 suppott fuming of ball on bolt, 

Because it is too porous to support 

‘od bond ‘m abrasive and since it remains unaf- 

fected by most corrosive materials, 

Fabroid has proven very successful in 
4 tests performed to date. 

molding for more information on Durez 16771 phenolic 


he Duret molding compound: 

Chemical Write No. 179 in Box on Inquiry Card 

.Y., was | fer more information on Fabroid bearings: 
Write No. 180 in Box on Inquiry Card 





in adit SILICON EPITAXIAL 
stabil | TRANSISTORS 





ated tem 

2s are iS F Processi Technique Reduces 
and long Collector Resista d 

rom com § Switching Time aaa 

f Teflon 


inher | Developmental samples of a silicon epi- 
compar § “ial transistor are now available. Ac- 
‘} ding to Dr. E. M. Baldwin, V. P. 

rings and ad Gen. Mgr. of the Rheem Semicon- 
5 a mull ductor Corp., Mountain View, Calif., 
abroid &§ "the first of a line of epitaxial tran- 
ment eal planned for production at 


sfer mole § Epitaxial deposition _ techniques 
were described in the 1960 
August issue of Electromechanical De- 
have been proclaimed as possibly 
§reatest processing improvement 

mee diffusion techniques were first 
‘wed for making transistors. The basic 
in making epitaxial transistors 
i te consists of depositing a very 
| a layer (about one-half mil thick) 
owt § MEA resistivity silicon on a thicker 
equity “tate of very low resistivity mate- 

iA ML Using this material, transistors are 


using the same diffusion 
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BBSM VACUUM VALVES 
say, “STOP” and “GO” and Mean It! 





























The new Series BBSM KINNEY Vacuum Valves form 
a reliable force of ‘Traffic Cops” for your Vacuum 
systems. In sizes 1”, 1%”, 2” and 3”, these Bronze 
Bellows Sweat Fitted Valves are especially designed 
for Vacuum applications having soldered or brazed 
manifolding. They are of the globe type with non- 
rising stem, with positive isolation of rotating parts. 
The brass bellows is sealed to the seat disc and bon- 
net flange by static “O” rings of Buna N. 


Assembly of KINNEY BBSM Valves into the Vacuum 
system is supremely simple. Removal of stem, cover 
and bellows assembly as a unit from the body of the 
Valve is accomplished by unscrewing four cap 
screws — thus replacement of bellows is no problem. 
Each KINNEY BBSM Valve is mass spectrometer leak 
tested to assure vacuum tightness. 


KINNEY vacuum oivision 


THE NEW YORK AIR BRAKE cones (h) 
3521M WASHINGTON STREET - BOSTON 30 - MASS. 


While) Mm # Please send me Bulletins 3421.1A and 3421.3 giving full 
fe be Vhele) information and prices on KINNEY BBSM Vacuum Valves. 














BULLETIN 
Name 
NO. 3421.1A 
TODAY! Ameo: 
§ Address 
¥ 
8 City Zone State 
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| Inland 





a-c torqu ee 


For fast, high-resolution servo positioning 





¥ 
motors 





From 0.1 to 3000 pound-feet 


High torque-to-inertia at the output shaft 
A typical stabilization application requiring a peak 
torque of 60 ounce-inches now uses an Inland torquer 
with a torque-to-inertia ratio of 5350 radians/sec.?. 
This torquer replaces a gear train servo motor that had 
a ratio at the output shaft less than one-tenth that of 
the Inland torquer. 


Direct drive promotes system accuracy 
Direct drive without servo motor gear trains reduces 
friction and eliminates backlash and elasticity, leading 
to better over-all system accuracy. 


COMPACT PANCAKE SHAPE now available 
in d-c torquers through exclusive Inland design 





ere er ee aR RR or eee Se mere eee 


TYPICAL RATINGS FOR 20 02. -IN. TORQUERS 


AN eR I ION OC NETNENER e m 


Exclusive commutator 
and brush rigging design 








T-1321-D T-1321-B T-1321-C 
PEAK TORQUE, 02Z.-IN. 20 20 20 
VOLTS AT PEAK TORQUE, STALLED AT 25°C 31.4 24.8 39.6 
AMPS AT PEAK TORQUE 1.82 2.25 1.46 
TOTAL FRICTION, OZ.-IN. 0.5 0.5 0.5 
ROTOR INERTIA, O7Z.-IN. SEC.? 001 001 
WEIGHT, OUNCES 5 5 5 


For complete data on these or other d-c pancake torquers up to 3000 pound-foot output, 
address Dept. ZL, Inland Motor Corporation of Virginia, Northampton, Massachusetts. 
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INLAND MOTOR 


A SUBSIDIARY OF KOLLMORGEN CORPORATION 
NORTHAMPTON, MASS. 






Patented features enable Inland to combine th 
compact pancake configuration with low-power inpit} 
—high-torque output characteristics of a d-c torqué, 
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Inland Power 
Amplifiers 


Inland makes a 
complete line of po 
amplifiers for sys 
duty with Inland | 
torquers whether in ~ 
airborne, shipboard, 
ground service. 
Specification sheets — 


available on requesh HB wii, 


4 niques,” 
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% soon as the 
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Write No, 1: 


WORTH BUY 


Zener Diode: 


100 page stud 
an introd 
and rey 


lows with a 
nation o 


Factory: Radford, Virginia 


CORPORATION 
OF VIRGINIA 
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iques as for other mesa transis- 
is, Since the active part of the tran- 
stor is all within the high resistivity 
material, this process, in essence, pro- 
vides a method for handling one-half 
nil thick silicon slices. 

Two major advantages of expitaxial 
iansistors are the virtual elimination of 
the collector series resistance and a 


large decrease in storage and turn-off 





See's RT409 transistor is a 60 
¥ wh collector breakdown unit. Typical 
wllector to emitter saturation voltage 
4 x 150 ma has been reduced by a fac- 
tor of 2. Storage time is typically less 
thn 100 millimicroseconds for the 
~ | same test conditions which yield 400 
| Fnillimicroseconds in Rheem’s 2N697 
| } series. Since the power dissipation is 

4 low, the RT409 transistor may be op- 
d at higher current levels. 

m plans to improve other tran- 
in their line using epitaxial film 
; ques.. The company expects that 

FP their future units will combine the 
BP benefits of high breakdown voltage, low 
saturation voltage, high current and 
low storage, which will dramatically 
demonstrate the advantages of epitaxial 
transistors. 

Developmental samples of the 
RT409 transistor are available six 
weeks after receipt of order at $170 
rer inpit each, according to the company. Initial 

overs are limited to a maximum of 

Lorqult & ten units 

Frank Breene, Chief Applications 
Engineer at Rheem, stated, “The com- 
bination of epitaxial deposition with 
diffusion techniques in silicon trancis- 

@ 0s will enable the replacement of 
BMADT and SADT types. In addition, 
“} * on as these epitaxial units are de- 
‘BF imed into production equipment, we 
BM see the beginning of obsolescence 
af the present diffused mesa_tech- 







a 
of power 
systems § 


Write No. 150 in Box on Inquiry Card 
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a WORTH BUYING 
boar ; ‘Tener Diodes 


ig 
a 4 100 page study of zener diodes begins 

“3 an introduction to semiconductor 
and reverse breakdown and fol- 
with a detailed and illustrated 
: mination “a design considerations 
| t and operating characteris- 
ja = BMS of the diodes and ehiciins ele- 






Bex: 








“ys. Chapters on applicati i 

: , pplications in- 
: BE tuto and rf, AC and DC, com- 

§,., °@¢ imstrumentation and circuit 
N \ xection, Price $2.00. 


7 Your copy from: 
a a Rectifier Corp., 
bs E. Grand Ave., El Segundo, Calif. 
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A high precision, 


efficient sub-miniature 
relay. Constructed 

to withstand severe 
vibration, heavy shock 


and temperature 
extremes. For 
control systems, 


missiles, computers, 
aircraft and similar 
applications requiring 


miniature size 
and dependable 


performance. 


RELAYS + SOLENOIDS 























TYPE SM-2 


Nominal Coil Voltage: 26.5 Volts D.C. 

Maximum Pull-In Voltage: 18 Volts D.C. 

Maximum Drop-Out Voltage: 14 Volts D.C. 

Coil Resistance: Approximately 600 Ohms. 

Contact Arrangement: 2 P. D. T. 

Contact Rating: 3 Amps. @ 28 V. D. C. Resistive (max.). 
Maximum Operate Time (N.O. Contacts): 4 Milliseconds. 
Maximum Release Time (N.C. Contacts): 3 Milliseconds. 
Maximum Contact Bounce: 1 Millisecond. 

Dielectric Strength: 1000 V. RMS, 60 Cycles (Sea Level). 
Minimum Insulation Resistance: 1000 Megohms. 
Maximum Contact Resist: 0.05 Ohm; 0.10 Ohm (After Life). 
Temperature Range: — 65° to 125° C. 

Operating Shock: 50 ‘‘G" for 11 Milliseconds. 

Vibration: 20 ''G"'—5 to 2000 CPS. 

Life: 100,000 Operations (Minimum). 

Maximum Weight: .60 Oz. 

Meets MIL-R-25018 and MIL-R-5757C specifications. 






Send for Bulletin S M-2 


omar 
ectric 


3349 ADDISON ST., CHICAGO 18, ILLINOIS 
¢ COILS + SWITCHES + HERMETIC SEALING 
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IN ADVANCED DIGITAL INSTRUMENTS 





EPSCO DELIVERS ITS SPECIFICATION 














EPSCO DVOM 
COMBINES 9 
FEATURES IN 


A x9 








4x 13% 


QUICK SPEC CHECK-compare with your needs: 
« AC and DC voltages from 0 to 1000 (four ranges) 
e Resistance: 1K to 1000K (four ranges) 

¢ Accuracy: DC - 0.1% AC - 0.25% Ohms - 0.25% 
¢ 3 decimal digits plus over-ranging 

For complete specifications, call or write today 

for Bulletin 26002. 





HERE ARE THE 9 FEATURES: 1. Measures AC volts, DC volts and 
ohms. 2. Parallel decimal and 4221 BCD output. 3. 4 milliseconds 
per conversion. 4. All solid state circuitry. 5. Modular, plug-in con- 
struction. 6. In-line, in-plane display. 7. 100 independent measure- 
ments per second. 8. Internal and external conversion command. 


9. Mount two, side by side, in a RETMA rack. 


CPSCON® ..neurs 


A division of Epsco, Incorporated, 275 Massachusetts Ave., Cambridge 39, Mass. Telephone UNiversity 4-4950 | 
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Laminated Plastics 


12 page manual contains a quick-tefy 
ence chart of characteristics for y 
commonly-used laminate grades, hb 
formation on how to specify and onde 
laminated plastics includes: th 
description of high-pressure laminate. 
the difference between minimup) 
maximum property values and ay 





















































values; where and why laminate Pic, d : 
erty values differ from the specificaies os 
properties listed for metals and 
by-step instructions on how to use 
reference chart. ALL-PURPC 
Source: Taylor Fibre Co., grves in bo 
Norristown, Pa. Designed fo: 
For your copy: Writ2 No. 418 cn Inquiry Cay s/s : 
. Kam 
Terminals TEST SEMI 
36 page catalog covers terminals, gg with a self- 
minal boards and strips, banana jah amd laborato 
and plugs and other parts for indugyy Offers three | 
and the military. Also contained gp adjust indepe 
charts of basic information on typigf over $200 in 
values of laminates, including gengjg sociates, Inc. 
physical and electrical properties  seevo Mol 
those used in manufacturing temi holds all t 
boards and special fabricated parts, . fp 
Source: Naticnal Tel-Tronics Corp. all necessary 
Yonkers, N.Y, tts, Metuch 
For your copy: Write No. 307 on Inquiry G PRINTED Cl 
reduces warp 
Component Testing ' agg boar 
rops 
Guide is available to aid the designag ey; : 
k : : ; } Chicago, Ill. 
gineer in choosing the right test al 
sensing component. Chart contig @RING ASS 
complete specs on panel ligt Seeds potent 
switches, fuseholders, test prods aig matically cla; 
jacks and molding materials. Gus shafts The p1 
can be tucked into vest pocket or hu GRing assem 
on a wall for ready reference, “HOW OTHI 
Source: Alden Products Co., publication co 
Brockton, Mass. how they’ve 
For your copy: Write No. 308 on Inquiy@ tion, “ 
published. M 
Connectors “y CONTI 
| drills, | 
52-page catalog describes a cot ive m; 
line of plug and receptacle conn) ‘aitomatic tape 
with crimp-type snap-lock contact att sizes up 
selector chart details many signi [as Angeles, ( 
characteristics. Technical discussit® i STRE 
plating types with specific applicaies ae as eT 
along with a discussion of instal . io. 
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NON-LINEAR ANALYSIS OF CONTROL LOOP FOR A STABILIZED MOUNT 


By Albert Roberts, Member Planning Staff, General Precision, Inc., Pleasantville, N.Y. 


t f some simplifying assumptions are made, a position servo 
with rate damping can be considered as composed of three 
independent branches that relate to position, rate and torque 
elements and their associated components. Each of these 
branches can limit in any combination or sequence, affecting the 
response of the system. By graphical means, a “torque picture” 
can be superimposed on the phase plane to clarify the relation- 
ship of the limiting combinations thus allowing prediction and 
control of responses. 


A basic requirement for many airborne high resolution 
radars or aerial cameras is a stabilized mount which keeps 
its orientation in space regardless of airframe motions en- 
countered in flight. 

One method of providing such a stabilized platform is to 
slave a balanced two axis (roll and pitch) gimbal system 
to a vertical reference, and place the sensor such as a 
camera or antenna on the inner gimbal. Steadiness and con- 
trol system stability without networks can be achieved by 
providing space rate damping negatively fed back into the 
control loop from an inertial sensor such as a rate gyro 
mounted on the stabilized platform. The control loop is 
essentially a position servo with rate damping. If some 
simplyfing assumptions are made concerning structural de- 
sign and component dynamic response, the loop can be con- 
sidered as composed of three functional blocks that relate 
to position, rate and torque elements and their associated 
components. A block diagram for one axis is shown in 
Fig 1. 

In the ideal case, the platform will remain fixed in 
space regardless of airframe deviations and 6, = 6; with 
no error voltages developed. In the practical case, gimbal 
friction, unbalance torques and null voltages must be over- 
come by developing a counter torque. Maximum torque re- 


quirement is related to the torque magnitude of the eny. 
causing factors. It is desirable to keep the maximum torque 
requirement as low as possible from a weight, space ay 
power saving viewpoint but a high torque gradient kee, 
vertical errors low. 


NON-LINEAR CONDITIONS 


With the use of high torque gradients and low maxim 
torques, the range of linear operation can be quite smi 
compared to the overall gimbal range. The angular em 
off vertical in which linear operation exists may be in th 
order of minutes of arc. In the practical case, where m 
chanical stops limit the angular displacement, the totd 
platform range may be only a few degrees off vertical. Thi 
torque saturation and non-linear operation will occur 
the platform is pushed in excess of a few minutes off vert 
cal by the stops when high amplitude roll or pitch mane 
vers occur. 

In some photographic work, and with radar antennas, e 
quirements call for a return to null as quickly as possible 
Other TV or photographic requirements call for a rated 
return to null slow enough so that exposures may be # 
tained without affecting resolution. The necessity arises t 
predict and control the response, or trajectory, of the plit 
form when non-linear operation occurs. 

In addition to the occurrence of torque saturation, ? 
is also possible from the dynamic conditions, that eitht 








or both the rate sensor (K,) and position sensor (K,) sf 
nals will limit at levels independent of each other and t 
value of torque saturation. The interrelationship of & 
saturating components can give rise to several differ 
types of response or trajectories when the platform ism 










































































d 
Kg = Gain of Position Error 
Vertical Oi+ + .. Measuring Device. | 
Reference | Ko A Jy > pa P 
Signal $ Kr Gain of Rate Sensor. 
. A = Torque/Volt-Amplifier 
and Torquer Device. 
Jo = Stabilized Platform Inertia. 
6; = Angular Deviation of Airframe 
from Vertical Reference. 
K 6. = Angular Deviation of Airframe 
° from Gimbal position. 
Ta = Developed Torque. 











Fig 1 Block diagram for one axis of the gimbal system. 
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Fig 2 Velocity (de/dt) vs. displacement («). 


in the linear or null region. 
Various responses that result can be expressed as a plot 
of velocity error vs. displacement error as in the usual 
e analysis for a second order differential equa- 
tion. However, another method to obtain these trajectories, 
described below, more clearly exposes the relationships 
between the various conditions of saturation or limiting. 


METHOD OF ANALYSIS 


The trajectories of velocity error vs. displacement error, 
we obtained with initial conditions of 0, = 0 and 6, having 


the initial velocity and displacement values. This is the 


Fig 3 Response when only torque saturation is considered. 


condition existing when the platform is pushed off its 
axis by large aircraft rotations. 

The procedure, as shown in Fig 2, is to project the 
curve, so the slope at any point is the same as the cal- 
culated value at the point. Assume that at the starting 
point A, the slope is S,. In order to project the curve, 
the slope S. must be known in the area of intersection of 
the slope line with the trajectory. A line is drawn start- 
ing at point A to point B with a slope that is the average 
of S, and Sg. This procedure is contined for additional 
increments, with the trajectory plotted from the knowledge 
of the slopes at all points in the phase plane, but with- 
out prior knowledge of the coordinates of all points on 
the trajectory. The increments of projection can be as 
small or large as desired, depending on the accuracy re- 
quired. A continuous curve is drawn through the plotted 
increments to give a smooth trajectory. 

In the usual graphical construction, lines of constant 
slope (isoclines) are plotted and the trajectory drawn so 
that its slope at the intersection with an isocline agrees 
with slope required by the isocline as described above. Sep- 
arate sets of isoclines must be drawn for each mode of satu- 
ration. 

The method enables the rapid calculation of the slope at 
any point from a knowledge of inertia load, the net 
applied torque, and the velocity at that point. The net 
applied torque is previously determined for all sections of 
the velocity-displacement plane which corresponds to the 
various modes of limiting. The fundamentals of this method 
are shown by the following mathematical analysis. Consider 
the equation of motion: 


J. (d°0,/dt’) = Ta when 0; = 0, 0 = — € (1) 


 Peldt? = — Ta/Jo (2) 


































































New retainer 
brings new benefits! 


In MPB's new R Series instrument bearings, 
the advanced ribbon type retainer provides 
acceleration without hang-up . . . reduces 
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details on any MPB bearings call your MPB 
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SYSTEMS DESIGN 

jinear regi 

The slope S$ at any point on the trajectory on the velociy | 1 s +T, 
(de/dt) displacement (¢) plane is: 12-1. 
S (d’e/dt’) /(de/dt) i TORQUE SA 
se 
and substituting (2) into (8) — 
ibed al 
S = — Ta/Jp (de/dt) ioe: 

* iti 
Since the inertia is known, S can be obtained from, wig 
knowledge of the net applied torque Ty at any Velocity, § shown in F 
It will be shown that the torque variation for differey The area 


modes of saturation is easily obtained. This results ig tion (7), b 
a torque “picture” superimposed on the phase plane whic posed by th 
can then be used to determine slopes as the trajectory i 
drawn. In sections of the phase plane when the net to, 

is constant (as in torque saturation), equation (2) ing 
cates a constant acceleration which is derived from, 
parabolic trajectory. Therefore, calculations for slope nesj 
not be performed for areas of constant torque saturatig 















if the parabolic equation of de/dt = f(e) is derived af The area c 
points plotted to obtain the trajectory. equation. 
The torque pictures and their effect on platform traje. 
tories are determined for the following combinations ¢ 
saturating components: 
© Torque saturation only 
© Torque saturation in combination with rate limiting 
© Torque saturation in combination with position limitix 
e Torque saturation in combination with rate and positig Equation (1 
limiting. lines paralle 
TORQUE SATURATION ONLY nate limiting 
Outside o 
Starting with the condition of torque saturation only; whag 2 all oth 
6, = 0, the torque developed is: of torque s: 
ever the cot 
Ts =(K,¢ — K,(d0,/dt)] A jp the torque s: 
6 Fig. 4., lines 
of rate limiti 
Ta = AK ,+ AK, (de/dt) (— in the linea 
variation fro: 
6;=0,6=—e ing in the rz 
Rewriting equation (6) and defining the limits of tome 
saturation by +T,, gives the following equation for tg "R@UE Sar 
area of linear operation: Consider the 
addition to 
de/dt = (—K ,/K,e + Ta/AK, the torque sa 
and a limitir 
—-T2=T12+T, sumed, the { 
Equation (7 
Equation (7) defines a family of straight lines of consi} operation; 
torque on the (de/dt, s) plane with a slope of —Ks/k 
(The ratio K /K, is the velocity constant K, of the lines 
system. ) 
The area of torque saturation exists for the follow 
condition: 
eS Tus tt When  positic 
Thus, the value of torque is now known over the colli apy: 
phase plane; the slope can be determined at any poi 
a trajectory can be drawn for any initial conditions. 
Fig. 3 shows the areas of linear operation and tg 
saturation. Trajectories are shown for two sets of 
conditions. One condition defines a given initial as 
ment (e), and zero initial velocity at t = 0. The ‘ This j 
condition defines initial velocity and displacement is the e 
t = 0. It can be seen in Fig. 3 that no trajectory torque | 
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the region of negative torque saturation. A single overshoot 
will occur for trajectories starting along the edges of the 

region when initial displacement is negative for 
15 +1: and when initial displacement is positive for 


Th Z -T;. 
sonqQue SATURATION WITH RATE LIMITING 
tn the case where the rate signal limits in addition to 
torque saturation, a new mode changes the torque picture 
‘hed above. Torque saturation is assumed to occur at 
the values selected in the above section, and the value of 
nate limiting is made equal to +w,, a constant. The torque 
wturation picture, with the addition of rate limiting, is 
shown in Fig. 4. 

The area of linear operation exists as defined by equa- 
tin (7), but with the additional limits on this area im- 
posed by the limiting rate. 


de/dt = — K,e+ 7,/AK; (9) 
3 Ts = Ta = i T. 


— ws = de/dt = + wu, 


The area of rate limiting is defined by the following 
equation. 


¢ = (Ta/AK ,) — (ws/Ke) (10) 


-—~T.2 Tes +T, 


— w, = de/dt = + w 


Equation (10) is the expression for a family of straight 
lines parallel to the de/dt axis, and defines the area of 
rate limiting on the de/dt, « plane. 

Outside of the areas of rate limiting and linear opera- 
tion, all other areas on the de/dt, « plane are indicative 
of torque saturation. Torque saturation will exist when- 
ever the combination of rate and position signals causes 
the torque signal or device to reach a maximum value. In 
Fig. 4., lines of constant torque are drawn through the area 
of rate limiting to connect with the lines of constant torque 
in the linear area. Thus, the lines formed indicate the 
variation from positive to negative torque saturation exist- 
ing in the rate limiting and linear areas. 


TORQUE SATURATION WITH POSITION LIMITING 


Consider the condition where the position signal limits in 
addition to torque saturation and rate is unlimited. If 
the torque saturation value is the same as in previous cases, 
and a limiting position signal of +«, (a constant) is as- 
sumed, the following analysis defines the torque picture: 
Equation (7) has new limits to define the area of linear 
operation: 


de/dt = — K, + Ta/AK, (11) 
—-T.2=T:=+T, 
— és = € = + Es 


When position limiting occurs, the following conditions 


de/dt = Ky & + Ta/AK; (12) 


-T,3 Teat+T, 


-eo5<«S +s 


This is the equation of a family of straight lines of con- 
sant torque parallel to the « axis, and defines the area of 
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Fig 4 Torque saturation in combina- 


tion with rate limiting. 
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tion with rate and position limiting. 
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Fig 5 Torque saturation in combina- 
tion with position limiting. 
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position limiting. 


All other areas on the plane are indicative of torque 

tion. For torques developed within values less than 
gturation, lines of constant torque in the position limit- 
ing area connect to like values in the linear area. The 
return to null is accomplished much more directly than 
with rate limiting. As indicated in Fig. 5, the trajectories 
wre now parallel to the ¢ axis along T= 0. A return with 
yo overshoots and essentially constant velocity is less than 
ihe value fixed by the following defining equation: 


de/dt = — Ki¢.,T =0 (13) 


this equation relates the velocity and displacement values 
ired to obtain T = 0, and provides the key to eliminate 
the overshoot effects of rate limiting. 


TORQUE SATURATION WITH RATE AND 
POSITION LIMITING 


In the final case, position, rate and torque limiting are 
considered. The basic requirement is a condition of T = 0 
(and $ = 0) in an area such that the velocity cannot build 
yp as ¢ = 0 is approached. With T = 0, the torque equa- 


ie Recomes: 0=AK ,e+-AK, (de/dl) (14) 
where «= (—1/K,) (de/dt) 


Now if de/dt saturates at w,, the value at which ¢ must 
ab: ven, Aen (15) 


The above relation defines an area of simultaneous posi- 
tion and rate limiting in which T = 0. The composite 
efect of selecting this limiting relationship results in a 
torque picture and trajectories shown in Fig. 6. 

Linear operation exists as defined by equation (7) with 
the following limits: 


de/dt = — Kye + T2/AK; (16) 
ba’ T. = Ta= T. 
ae eo eM 
— w, = de/dt = w, 


following conditions define the area of position limit- 


~ de/dt = K,¢. + Ts/AK; (17) 
O = T 4 = Ze 


-T,= Ti = O; 


—= ‘¢, 


All 


eS &; 
The area of rate limiting is defined by: 
¢= (Ta/AK )) — (w,/K») (18) 


O= Ti= i 


—-7T,27Ti1=O; de/dt Sw; de/dt 

Zero torque area is defined when: 
a, mt 1/0) oe 
All other areas on the plane indicate torque saturation. 
The trajectories are almost the same as if only position 
uniting existed, and the overshoot effects of rate limit- 
ig are essentially removed. As the value of position limit- 
ig is reduced from the maximum value, the torque pic- 
te and response becomes more exactly the same as for 
only position and torque limiting. 
results show that by proper selection of the limits 

upon each functional component in the loop, the 
"sponse may be predicted and controlled. Practical results 
Were in accordance with the above considerations. @ @ @ 
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BOARDMASTER VISUAL CONTROL 


Gives you a Graphic Picture of your operations, spot- 
lighted in color. You See what is happening at a glance. 
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EXPLOSION SUPPRESSORS 


Automatic System Snuffs Out 
Accidental Blasts 


Nearly every process industry, such as 
chemical, petroleum refining, plastics, 
and milling, has an explosion hazard. 

Until recently, industry has handled 
this problem in two ways. First, pre- 
venting occurrence of an explosion by 
eliminating one or more of the three 
necessary elements: a combustible ma- 
terial, a source of ignition and the 
presence of oxygen. Second, protecting 
people and installations after an explo- 
sion has occurred by isolating prob- 
lem processes, venting the high pres- 
sure gases and designing equipment to 
contain an explosive force. 

Recent development of an explosion 
suppression system for industrial appli- 
cation provides a third protection step 
which, coupled with existing methods 
greatly reduces the hazards involved. 

This unique, patented system offers 
active, rather than passive, protection 
against acidental explosions. It detects 
an explosion at the instant of its incep- 
tion, and acts within a few thousandths 
of a second to literally snuff out the 
blast before it can become destructive. 


DESIGN BACKGROUND 


The Explosion Protection System 
manufactured by Fenwall Inc., Ash- 
land, Mass., is based upon a British 
World War II development designed 
to prevent explosions in aircraft fuel 
tanks hit by incendiary shells. After 
the war, Graviner Manufacturing Co. 
Ltd. successfully adapted it for indus- 
trial use. Applications in England are 
estimated to have prevented losses of 
several millions of dollars since 1954, 
and no destructive explosions have oc- 








Fig 2 Three of the special explosion chambers which Fenwal engineers use | 
study the characteristics of various type of explosions. Suppressors are: being 
installed in the largest, 67-cu ft spherical chamber in preparation for anothertes, 


curred in protected equipment. In 
bringing the system to this country, 
Fenwal has obtained exclusive U. S. 
and Canadian manufacturing and sales 
rights for the system, established con- 
tinuing technical collaboration with 
Graviner and independently designed 
and modified equipment to meet spe- 
cific U. S. requirements. 

The system has been successfully ap- 
plied to several installations in the 
United States, and has been proven, 
either in service or in tests, to be 
capable of handling most industrial ex- 
plosion hazards. Its principles. can also 


Suppressor 











pr . 


ee J 


/ (eee 

















Tam Power Unit =" — F lame Front 











ae Source 


50 4 Normal 
45 4 Explosion | 
ze 40 - f 
835 - 
! 30 - 
: 25 + | 
e 20- 
a 15- 4 Suppressed 
10 - Explosion 
5 - 7 
0 
0 10 203040 


Time-milliseconds 


Fig 1 Diagram illustrates the basic suppression system. The detector senses the 
incipient explosion and the suppressing agent is dispersed explosively. The 
agent extinguishes the explosion flame by chemical action and cooling, and 
also inerts the unburned explosive mixture. The graph shows the comparison 
between a normal explosion curve and a suppressed one. Note the low pressures 


attained in a suppression. 
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be adapted to nuclear, missile, aircraft 
marine and a variety of other hazard 
ous equipment. 


HOW THE SYSTEM WORKS 


System operation is based upon the 
fact that, although a blast appears in 
stantaneous to the naked eye, theres 
a finite lapse in time between its ign 
tion and the build-up of destructive 
pressures. The protection system ads 
within this period, which is measure 
in thousandths of a second. (The ht 
man eye cannot react to periods short 
er than 0.1 second.) In a few millise 
onds the system detects the vey 
beginning of the explosion, either 
sensing the initial pressure build-upd 
the first tiny flash of flame, and aule 
matically reacts to snuff it out. Tit 
blast is made harmless by a combine 
tion of actions, which may include aij 
of the following: 

@ Suppression—envelopment of tt 
explosion with a suppressant. 

@ Venting—opening a path to the 
atmosphere for relief of pressure. 

@ Advance inerting—introducing ? 
suppressant into areas remote 
source of the explosion to prevent # 
ondary explosions or fires. 

@ Isolation—blocking the explosit 
from other areas. 

@ Automatic plant or equipmett 
shutdowns. 
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Fig3 An explosion is about to be trig- 
gered from the control house, located 
some distance from the explosion area. 
Effects of the explosion are indicated 
upon the oscilliscope and recorded 
photographically. 


Fig 1 shows the basic suppression 
system and a graphical comparison of 
pressure build-up vs. time of a normal 
blast, and one which has been auto- 
matically suppressed. 


SYSTEM THOROUGHLY TESTED 


Since 1956, Fenwal has been testing 

system at a secluded test site near 
Framingham, Massachusetts. The test 
center is believed to be the only one of 
is kind inthe United States. Work 
there has been performed under both 
Fenwal and private company sponsor- 


Primary research objective has been 
t0 investigate the explosion characteris- 
tics of various explosive materials. The 
mportant conditions of practical explo- 
ion problems, such as temperature and 
pessure and volume are duplicated in 
special explosion chambers (Figure 2). 


electronic instruments 
(Figure 8) record such information as 
ture and pressure build-up with 
ce to time, of both uninhabited 
and suppressed blasts. 


'} PRCEMBER 1960 


DIGITAL DISPLAY DOES THE WORK OF 


ACTUAL SIZE 


NEW KEARFOTT DIGISTROBE* DISPLAY 


Kearfott’s new, highly compact Digistrobe digital display 

utilizes the stroboscopic principle to produce an exceptionally 
high-definition readout in the actual size shown here. 

Through the use of a unique shutter arrangement, a single 
diode-encoding matrix is shared by all columns (5 in the standard 
model), resulting in substantial savings in electronic components 
and circuitry. The fast response time of the Digistrobe 

(56 milliseconds transition from one five-digit quantity to a totally 
different one) permits a single unit to sample several different inputs 
on command through an input selector switch. Up to 15 
individual displays of existing types can thus be replaced 

by a single Kearfott Digistrobe! 


Incorporating only two moving parts and exclusively solid-state 
switching circuitry, the Digistrobe has extremely long life expectancy 
and requires minimum maintenance and service. Operation 

is directly from the output register of a computer, counter or 

allied equipment, eliminating the cost of intervening circuitry. 

Two years of extensive laboratory tests assure compliance 

with Kearfott’s rigid standards of quality. For complete data 

and specifications, write for Digistrobe bulletin. 


*Kearfott Trademark 


KEARFOTT DIVISION 
D GENERAL PRECISION, INC. 


Little Falls, New Jersey 
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- * Adjustable 
¢ Subminiature 


Weighs only 1.3 oz. 


-Ni-Span C pressure capsule 


- Stainless steel housing 


NEW BRISTOL PRESSURE SWITCH 


Here’s a subminiature pressure switch 
that incorporates the superb reliability 
characteristics of larger Bristol pres- 
sure switches. Yet, it’s both miniature 
in size and it’s adjustable. 

It’s the Bristol Type C2060... with 
six models covering ranges from 2-15 
psi, absolute, to 20-200 psi gauge. 


Easy pressure adjustment. You can 
change pressure settings easily and 
simply, without tools. Just turn the top 
portion of the switch. A strong ball de- 
tent holds settings positively even un- 
der severe vibration and shock. 
Withstands shock, vibration, and ac- 
celeration in excess of MIL-E-005272B 
requirements. SPDT snap-action con- 
tacts are rated at 5 amps, 125vac, 60 


BRISTOL 


cps; 2.5 amps d-c resistive load. 

Get complete specifications on the 
new Bristol adjustable pressure switch 
today. Simply write for Bulletin AV 
2015. The Bristol Company, Aircraft 
Equipment Division, 181 Bristol Road, 
Waterbury 20, Conn.” 


WEIGHT — 1.302 


Dimensions 


FINE PRECISION INSTRUMENTS 
FOR OVER SEVENTY YEARS 
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SYSTEMS DESIGN 


Fig 4 Still photographs from singe Fig 5 Still 
frames of motion pictures taken a fame of 
1,000 frames per second show the dé 1,000 frame: 
velopment of an unsuppressed blast jp pression of 
a spherical explosion chamber. At in Fig 4. 
left the dim circle of light just abow ignition (to 
the center of the chamber shows the} jgsted at e. 
fireba'] a few thousandths of a second § jaye a'ready 
after ignition. This fireball expand} pressant. Su 
and grows in intensity until after abou § sppressant 2 
50 milliseconds (one-half of one-tenth} ing the fire 
of a second) it fills the entire chambe § typ adyanc 
(bottom right). “L” shaped brackt § jist reflect 
supports the explosive material 1% plosion whic 
chamber. Sma! circle of intense light) 4} lower rig’ 
in center of chamber is sunlight enter § completely e 
ing through porthole opposite camem 


Sequential still protographs (Figs4§ power unit, g 
and 5) taken from high-speed motiot § ml, Pressure 


the test center give graphic eviden®§ specific static 
of suppression effectiveness. Both ae§ s 


and air ignited by an electric tion, Radiatic 
Contrast the build-up of the fireball@§ to selectivel, 
the unsuppressed blast (Fig 4) withis : 
suppression in Fig 5. 


SYSTEM COMPONENTS 

Each explosion protection install 
tion is unique, !« ase it is tailored 
meet the specific needs of the p: 


can also be designed to protect agai 
fire and explosion hazards by combilit 
tion with standard extinguishing 
ods. Such combined systems 
provide considerable savings over 5 
rate systems. 

Heart of the system is the explosit 
detector. Either a pressure or ra@ 
device, the detector senses the incipi® 
explosion and, in conjunction Wi 


ELECTROMECHANICAL 







































le /§ Still photographs from single 
aken i § fame of motion pictures taken at 
j the de 1,900 frames per second show the sup- 
blast in pression of the same type of blast as 
. At top = in Fig 4. A few milliseconds after 
ist abot § ignition (top left) the suppressors, 
hows the ® josated at each side of the chamber, 


a second 
expands 


one-tenth 


have aready begun to discharge sup- 
pressant. Succeeding frames show the 
t mist progressively envelop- 
ing the fireball. Leading edges of the 
two advancing fronts of suppressant 
mist reflect the intense light of the ex- 
which is being snuffed out. 
M lower right the explosion fireball is 
completely enveloped by suppressant 
and all but extinguished—in less than 
50 milliseconds. 


| bracket 
terial in 


ght enter 
> camer, 


; (Figs 4 
d motion 
losions at 


power unit, generates an electrical sig- 
mal. Pressure detectors are sensitive to 
tither the rate-of-pressure-rise or to a 
gecific static pressure, or to both. A 
signal occurs when the pressure rise 
ftom the incipient blast exceeds either 
witing, indicating an explosive condi- 
tim, Radiation detectors are designed 
t0 selectively sense certain wave 
ngths of the spectrum which exist in 
a explosive flame but to reject others 
pesent in natural or artificial light, thus 
inating potential false alarms. 
vi Upon receipt of a signal from a de- 
tailored § “tor, the power unit, which is 
protected bia with stand-by batteries for 
against power failure, deliv- 
jond g ical energy to operate the 
Vatious explosion protection devices in 
the system 





, combi ® Protection devices may consist of 
| ‘pptessors, isolation valves or vents. 
ns All ae operated by explosive detona- 
over sep & ‘ors, Similar to the precision electric 
blasting caps used in seismic explora- 

> explositt § tion, for tapid actuation. It should be 
noted e€ vents are not merely 

oF "ture discs blown ont by the explo- 
y Sn but are opened before de- 
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NEW SHIELDED BAR-RING 
METER MOVEMENT 






MAKES API 
METER-RELAYS 


“MIL-SPEC” RUGGED 


Designed to meet applicable provisions of MIL-M-10304, 
API's new meter-relays are far more rugged than con- 
ventional core-magnet types. Reason: the greater mag- 
netic efficiency of the bar-ring movement. It puts more 
magnetic “horsepower” in the works . . . allows use of 
more substantial components at a better torque-to-weight 
ratio. Result: improved resistance to shock, vibration and 
other environmental factors. 


Nicely enough, the bar-ring also provides shielding 
from external magnetic fields. This means that you can 
mount the new meter-relays in any kind of panel— 
magnetic or non-magnetic—without worrying about effects 
on calibration. 


As simple to incorporate into a design as a D’Arsonval 
panel meter (which it is—with control contacts added), 
the new API meter-relay might well be your best answer 
to a knotty engineering problem. It can monitor and 
control almost any electrically measureable variable. It’s 
small and compact. It’s reasonably low in cost. And it’s 
reliable--models without the benefit of the sturdier bar- 
ring movement were tested to more than 10,000,000 
operations! Have a look at Bulletin 4H, and see if the 
API meter-relay can’t do a job for you. 


ASSEMBLY PRODUCTS, INC’ 
Chesterland 79, Ohio 
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RIGHT ANGLE 


ERNIER DRIVES 


Type PRAD: Right angle drive for remote opera- 
tion of low torque units. Designed for continuous 
low-speed operation (loads up to 50” ounces), 
and intermittent high speed operation (up to 500 
RPM) with loads up to 100” ounces. Less than 
142° backlash; drives and shafts of various 
lengths; various size output hubs; brass gears; 
stainless steel shafts, bushings and sleeves; 
die cast zinc housings. 





Type RAD: Right angle drive. For ganging capaci- 
tors, potentiometers or other parts in heretofore 
inaccessible locations on chassis. Die cast zinc 
housing gears. 





Type AN: Time-tested vernier mechanism. 
Designed for use with any 3/16” National knobs 
and others. Drive ratio: 5 to 1; drive shafts: 
3/16”, 1/4” or to specifications; fully insulated 
output shaft coupling; output hub fits 4%” shaft; 
readily adaptable to many types of drives. 


Type AVD: Vernier mechan- 
ism. Similar to type AN 
(above) except that output- 
© shaft is non-insulated. Di- 
f# mensions: over-all diameter 
2-9/16”, length 1-15/32”. 





Write for new National Company components 
catalog! National Company, manufacturers 
of an extensive components line, invite 
inquiries for these and other electromechan- 
ical parts. For special components or a 
design or development problem, write: 


NATIONAL RADIO COMPANY, INC. 
MELROSE 76, MASS. <@p>S 


NOrmandy 5-4800 
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Fig 6 Standard components of a Fenwal Explosion Protection System, Show 
at top from left to right: a pressure sensitive explosion detector, special poye 
unit with standby batteries and high-speed isolation valve. Shown at bottom: hen 
spherical suppressor and explosively actuated vent. Not shown: surveillance « 
radiation detector and high-rate discharge bottle. 


structive explosion pressures occur. The 
time lapse between ignition of an in- 
cipient explosion and the operation of 
the various explosion protection devices 
is just a few thousandths of a second. 

Suppressors may be easily ruptured 
hemispherical containers or high-rate 
discharge bottles. Both contain liquid 
suppressants. When activated, they 
dispense the liquid in fine particles 
moving at speeds up to 600 ft per sec- 
ond. The incipient explosion is cooled 
by heat of evaporation of the envelop- 
ing suppressant mist inhibiting further 
combustion. The most common sup- 
pressants used are water and bromo- 
chloromethane. As an example of the 
quantities of suppressants required, 
only 5 ce of water or 2 cc of bromo- 
chloromethane can suppress an incip- 


ient explosion in a one gallon volum 
Essentially the vents are special gi 
windows which are fractured by @ 
explosive detonator mounted again] 
their outer face. Operation of t 
detonator fractures the glass, but th 
elevated pressure of the incipient & 
plosion within insures that fragment 
will fly outwards, away from the pe 
tected space and process. There at 
two types of swiftly acting isolatim 
valves, butterfly and flap. They @ 
held open, against heavy spring pit 
sure, by a hollow metal link. Opa 
tion of an explosive detonator willl 
the link breaks it, allowing spring® 
slam valve closed and hold it there 
A combination of protection devitt 
is desirable to protect most proces 


Write No. 159 in Box on Inquiry Card 
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Digital Recording & Control 


Transistorized, plug in automatic digi- 
tal recording and control system with a 
capacity of 100,000 channels was spe- 
cifically designed for monitoring and 
controlling up to ten analog computers 
of 10,000 inputs each but it can also 
be used independently wherever data 
logging, reduction and control are re- 
quired, such as in process operations. 
When used in an analog computing 
facility, the system speeds up or elim- 
inates problem set-up and check-out 
tasks. Without human _ intervention, 
and via punched tape, it can select a 


computer, place it into any one ai 
operating modes, set the co 
elements such as potentiometers 
an accuracy of +0.01%, read 
voltage variables to check setting 
computing elements and then ii 
problem solution. The automatic® 
tal system can also verify the see 
circuitry involved in performing ® 
function and/or compare any S®™ 
voltage with a digital reference 
to within an adjustable tolerant®® 
small as 0.01 volt. Computer Syst 
Inc., Monmouth Junction, NJ: 
Write No. 618 in Box on Inquiry 
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ser a contract from the Signal Corps. The contract covers the development 
d welding techniques for the interconnection of micro-assembly wafers or 

tes, each containing tiny electronic circuits. A micro-assembly is formed 
w stacking the substrates, which vary in thickness from 0.010 to 0.30 inches 
thick, one over the other and interconnecting them with vertical wires. In normal 
manufacturing, solder is used to make the multiple interconnections between 
the wafers. However, as the parts density increases, smaller connections are 
needed on the edges than are possible with conventional soldering methods. 
The electron beam study will explore methods of welding the interconnections 
at densities of 1,600 per square inch. To illustrate the minuteness of the work, 
Dept. Mgr. Walter R. Bush noted that a period on a typewriter is 100 times 
lager than one of the welds that will be made. The Hamilton-Zeiss electron 
beam welding machine can be focused to a spot size less than 0.010 in diame- 
jr and achieve dept to width ratios in weldments as great as 20.1. 





For research and experimentation in electronic scanning storage techniques, 
the Applied Research Lab. of Sylvania Electric, Waltham, Mass. has been 
gwarded a $333,000 Air Force contract. Dr. Leonard S. Sheingold, Director 
of the Applied Research Lab. said the program is expected to make significant 
contributions in the intelligence and electronic data processing fields. One tech- 
tique currently under study should lead to devices able to read or write in- 


stem. Show 
pecial powe 
ottom: hemi 
rveillance 


Hon volumg fomation 16 times faster than present methods and able to store 40 times as 
special gist much information as now being stored under conventional methods, he stated. 
ured by ap Basic concepts of electronic scanning storage techniques are being studied, as 
ated again’ well as development of a digital storage technique, using electronic scanning, 
tion of tk§ tecording and data retrieval. 

_ Research in ferromagnetics with applications to new storage devices will be 
at fragment continued at Laboratory for Electronics, Inc., Boston, Mass. under a contract 
‘om the pit fom the Office of Naval Research. The Company has been investigating the 
_ ‘Thee te itea of solid state physics during the past two years concurrent with other com- 
ing isolate pany-sponsored research in the field of thin magnetic films. Work involves ap- 
>. They a plication of thin magnetic films in high density storage devices and logical ele- 


spring pre ments using the properties of domains and controlled domain wall motion in 
link. Oper films. Present studies are aimed at demonstrating the feasibility of microminia- 
‘nator willi® le storage techniques leading to devices that will allow information storage 


Ing. spring densities in the order of one-million bits of information per cubic inch. 
' 7 Tero-gravity temperature transducers will be supplied to the NASA by 
me Products, Inc., San Diego, Calif. The cryogenic transducers are re- 


stance thermometers utilizing deposited platinum film as the sensing elements. 
Use of film offers the physical characteristics of small size and extreme rugged- 
tess, and the operational stability, accuracy and speed of response needed to 
Meet the rigid requirements of the most advanced aircraft and missile programs. 
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ial and electonic simulators 
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$3,500,000 to Aircraft Armaments, Inc., Cockeys- 
ville, Md. from U.S.N. for anti-submarine warfare 
training center. 

$600,000 to Fairchild Astrionics Division of Fair- 
child Eng. & Airplane Corp., Wyandanch, N. Y. 
from the Navy’s Bureau of Weapons. 

$100,000 to George Rattray and Co., Inc., Hicks- 
ville, N. Y., from the U.S.N. 

$500,000 to Sperry Phoenix Co., Phoenix, Ariz. 
from Lockheed Aircraft Corp. 

$850,000 to Packard Bell Electronics, L. A., 
Calif. from the Signal Corps. 
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Lists over 12,000 


PRECISION INSTRUMENT PARTS 
and ASSOCIATED COMPONENTS 


Available From STOCK! 


GEARS * SHAFTS* COLLARS» CLUTCHES « 
BEARINGS * COUPLINGS « DIFFERENTIALS 
¢ SPEED REDUCERS and many other Pre- 
cision Engineered Parts 
& Components, 


Send For Your 
Copy Today. 







PIC DESIGN CORP. 
Subsidiary ot BENRUS WATCH COMPANY, Inc. 








477 Atlantic Ave., East Rockaway, L.|.. N_Y 
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CHIEF ENGINEER 
(Electrical) 


PROJECT ENGINEER 
(Electrical ) 





California 





Require B.S.E.E. with heavy back- 
ground in the design and manufac- 
ture of servo motors, motor tach- 
ometers, synchros and resolvers. 


Have additional opening for a Proj- 
ect Engineer with a minimum of 5 
years experience in the electrical de- 
sign of synchros and resolvers. A 
knowledge of manufacturing tech- 
niques is desirable. 


These positions offer an assured fu- 
ture of growth and progress with a 
company having an enviable reputa- 
tion for advanced scientific and en- 
gineering ability. This new expanded 
facility of the Servo Components 
Division is located in the Pasadena- 
Glendale area, near Los Angeles. 


For further information re- 
garding these positions, please 
send resume to: 
NEIL CURRY 
DIVISION MANAGER 
GIANNINI CONTROLS CORP. 


1133 Flower Street 
Glendale, California 
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Fig 1 Four common bulb shapes and their designations 


SELECTION OF PILOT LIGHTS BY LAMP TYPE 








Recently Dialight Corporation of Brooklyn, New York published a 256 
page Handbook of Pilot lights which is truly a comprehensive manual 
designed to tell engineers “how to select the proper pilot light to accomodate 
the required lamp.” This article taken from the Handbook abstracts the 
basic ideas around which the book is organized and which greatly simplify 
| the selection problem. To obtain copies of the Handbook, interested readers 
are invited to write for an application form to the Dialight Corporation, 
60 Stewart Avenue, Brooklyn 37, N.Y. 








Evey pilot light is designed to em- 

ploy one and only one type of lamp 
(bulb). Some pilot light assemblies 
may contain two or three lamps; they 
may have special features; but always 
the design accomodates a particular 
lamp type. The lamp will be available 
in a variety of voltage ratings, but it 
has a specific bulb size and base confi- 
guration. Selection of the lamp is 
therefore a prerequisite to choice of 
a pilot light. Given the proper lamp 
for an application, choice of a pilot 
light from the tremendous variety avail- 
able is a relatively simple matter. 


CIRCUIT VOLTAGE 


The pilot-light lamp must, of course, 
operate on the voltage available. If a 


Fig 2 Lamp bases 


fl 


MIDGET 
FLANGED 





MINIATURE 
BAYONET 


MINIATURE 
SCREW 


low voltage source from a step-down 
transformer or battery is at hand it 
should always be preferred over line 
voltage. Lower voltage lamps are much 
stronger, are available in greater range 
of choice as to size, voltage and current 
ratings and require less circuit insula- 
tion. 

For line voltage sources in the 110 
to 250 volt range, a choice must be 
made between incandescent and neon 
glow lamps. Table I lists the compar- 
ative advantages and disadvantages of 


these two lamp types. 
INTERCHANGEABILITY 
The lamp industry has standardized 


lamp designs to the extent that units 
of any one manufacturer are inter- 


uee@ ul 


SINGLE CONTACT DOUBLE CONTACT 


CANDELABRA 


SCREW BAYONET 


changeable with units of any other 
Four types of bulb shapes and seve 
types of bases used generally are ilhy 
trated in Figures 1 and 2. 

This standardization has also great 
simplified the problem of classifying 
and designating lamps. The variow 
classes are generally identified first 
incandescent or neon glow, then ly 
bulb shape and diameter and finally 
by type of base. The bulb shape és 
indicated by the first letter of its de 
sciptor and the diameter is given in 
units of % inches. Thus a G-6 bubi 
globular shaped with a 6/8 ind 
diameter. 

Standard designations of individul 
lamps within these classifications at 
as follows: 
¢ Large incandescent lamps have 
code description made up of wali 
bulb shape, bulb size, and voltage, i 
that order. 
¢ Miniature incandescent lamps a 
designated by numbers filed with ti 
American Standards Association. 

* Neon glow lamps have numbers pit 
ceded by NE, assigned by Genel 
Electric and generally adopted. 

Tables II, III, and IV list the lamp 

most used in pilot lights. 
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TABLE | 

e “oo Fa 
Disadvantages of Incandes- 
cent and Neon Glow Lamps 


INCANDESCENT 
ht Output 
oe chess. High Temperature 
Any Lens Color 
life Short at Overvoltage 
Hot Filament Strength Low 
for Assemblies Requiring No Less Than 
}” Mounting Clearance Hole 


NEON GLOW 

less Brightness, but Effective 

low Wattage, Very Cool 

fed And Yellow Color Only 

Unaffected By Voltage Variation 

Extremely Rugged 

Assembly For 9/16” or 11/16” Mounting 
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INCANDESCENT LAMP 
CHARACTERISTICS 


Small incandescent lamps for 120 
yolts and 250 volts must employ the 
thinnest possible filaments. Tungsten 
wire of the smallest practicable size is 
heated to incandescence by currents of 
4) to 50 milliamperes. It follows that 
power rating for such lamps are low— 
10 watts for 250 volts and 6 watts for 
120 volts. The heat produced requires 
enclosing bulbs of %” diameter. Smaller 
bulbs would be heated to excessive 

tures. 

Filaments for lower voltage incan- 
descent lamps are simple and short and 
of lower power. As a result the bulbs 
may be much smaller; holding current 
fo minimum values is not necessary; 
flaments are thicker and much stronger. 

Undervoltage Operation. Operation 
of lamps in pilot lights rarely requires 
the highest efficiency and candlepower 
ot which the lamps are capable. For 
reliability and long life voltage ratings 
sould be 10 to 20% higher than the 
Witage actually to be applied. Excep- 
fits to this rule are when the duty 
gyele is such that the lamps will be 
seldom lighted and for short intervals, 
orwhen very bright indication is neces- 
say, or for effective use of blue lenses 
since little blue light is given off by low 
temperature filaments. 

Resistance of the filament to shock 
and vibration is substantially improved 
by the lower temperature that goes 
with undervoltage operation. Figure 3 
shows how rapidly lamps fail when 

to over-voltage. Note that 


the light produced does not fall too 


as voltage is reduced. Figure 4 

that undervoltage operation is 

quite practible in pilot lights. Note 

that the light produced does not fall off 
t09 as voltage is reduced. 

ge Lamp filaments are 

strong when not heated 

but become nearly plastic and are 


TABLE lil 
Large Incandescent Lamp Listing 


Each illustration represe.ts a group of lamps, alike except for electrical and life ratings. 

















































10€7/0C 1007/10C 1007/50C 
10 watts 10 watts 10 watts 
120 volts 120 volts 120 volts 
6000 hours 6000 hours 6000 hours 





RATINGS 
S-6 Bulb | <€ DESIGNATION | WATTS VOLTS HOURS | DESIGNATION > S-6 Bulb 
CANDELIGRA SCREW Gse—ev |] 6G 1500 | | (aSeOC—8V enrone! Oia 
6S6—12V 7 12-1500 6S6DC—12V 
~~ 68-240 | 6G 24 ~ 1500 6S6DC—24V 
| BSB—3OV |CCG 30 «1500 6S60C—30V 
 69e—48V | 6 48 1500 | G6S6DC—48v 
ese—75v. | 6 75 1500 6S60C—75V 
6S6—125V 6 125 1500 6S6DC—125V 
T ¢s6—135 | 6 135 1500 6S6D0—135V 
sse—45v | 6 145 1500 6S6DC—145V 
10se—2300 | 10 230 1500 | 10S6DC—230V 
1osc—2500 | 10 250 1500 | 10S6DC—250v 
C-7 Bulb C-7 Bulb -7 Bulb T-4%4 Bulb | $-6 Bulb 
BAYONET BASE BAYONET BASE CANDELABRA SCREW CANDELABRA | INTERMEDIATE 
Double Contact Double Contact Base SCREW Base SCREW Base 














1671200 1007/S—120V | 61 4¥2/1 = 
7 watts 10 watts 6 watts 
120 volts 120 volts 125 volts 1086/13 
1500 hours 6000 hours 1500 hours 230 V.; 250 V. 








LIFE/VOLTS 


PERCENT OF RATED LIFE 





80 100 120 140 
% RATED VOLTS 


Fig 3 


easily distorted when burning. High 
voltage filaments are provided with 
many supports to prevent filament 
movement. The thicker and stronger 
filaments of low voltage lamps are pre- 
ferred when shock or vibration is a 
problem. Even 12 volt types are in- 
ferior in strength to 6 volt types. 


NEON GLOW LAMP CHARACTERISTICS 
Neon glow lamps are completely un- 


CANDELPOWER ff iso 
/VOLTS 


140 


| 120 


80 
60 


40 


YIMOdITONV) CILVY IO LNIIIId 


20 





60 80 100 120 
% RATED VOLTS 


Fig 4 


like incandescent lamps. They produce 
light without heat by a gaseous elec- 
trical discharge as the gas is ionized 
and deionized. The process also pro- 
characteristic of the neon gas. With 
neon, the colors are red and yellow 
only; no green or blue light is given 
off at all. 

A minimum voltage is needed to ion- 
ize neon gases. Neon lamps are, there- 
fore, limited to use on line voltages. 
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DESIGN TIME SAVER 







































TABLE Ill 
Miniature Incandescent Lamp Listing 


Each illustration represents a group of lamps, alike except for electrical and life ratings. 





T-3% Bulb, MINIATURE BAYONET Base 




















Manufacturer's Rating VOLTS for Manufacturer's Rating VOLTS for 
NO. VOLTS AMPS HOURS 6000 hours || NO. VOLTS AMPS HOURS 6000 hours 
__ 20 06 _—_‘1000 17 1815 14 20 3000S 133 
5 32-35 ~——(3000 29 . 2 ae ee eee 
coe © 8 te & is——Bs—(té«<‘SCité«édSC(ié‘i 
wa 63S komg—(isiSCt iC 
_ 4 63 2 3000 #4260 || 120 2 10 100 20 
i ee (oh RT A ee 
| ee | | eee ee | 
1130144100 3000—S—=«*W122’'SG 105—C SS t—“‘i‘i CdS 






































































































































T-3% Bulb, MINIATURE SCREW Base 
G-3/2Bulb—MINIATURE BAYONET Base—G-4'2 Bulb Manufacturer's Rating VOLTS for 
Manufacturer's Rating VOLTS for NO. VOLTS AMPS HOURS 6000 hours 
NO. VOLTS AMPS HOURS 6000 hours a 20 06 1000 7 
51 is 2 wm es | . iat 2 | lee | ee 
2 2 Se Se ee ee < ® 63 #15 #4300 #460 | 
i 82 oe ee ee To - e’ a. —_— Oa o 
ce a a = | ei 4s 200105 
63% *for intermittent service only | 4071403000 Fe! Fy 
55 7 40 500 58 : | 2718 3 2 45 | 
57 14 24 500 115 7 1821 28 17 1000 24.2 
L -% | 1032, 2=«375+2~CtCi« SC 375 | 
6-6 Bulb, DOUBLE CONTACT BAYONET Base G-6 Bulb, CANDELABRA SCREW Base 
Manufacturer's Rati VOLTS for Manufacturer's Rating VOLTS for 
NO. VOLTS AMPS HOURS 6000 hours NO. VOLTS AMPS HOURS 6000 hours 
64 70 60 1000 6.1 63K 70 60 1000 6.1 
~ 62 S 2 @ f ao Be a a eee 
oe ee , > fs} a ae a ee 
—-— a a. oe 13.0 Y 2 me a Se 
2 2 18.200 17.0 eK 13 53 75010 
1252, 223 1000'S ). 2 7 a ae 
38 Um UB — 2. ww. 2. ws 
1224 32 2. me 1224K 32 16 250 246 
T-1% Bulb, MIDGET FLANGE Base T-2 Bulb, TELEPHONE SLIDE Base 
Manufacturer's Rating Manufacturer's Rating 
NO. VOLTS AMPS HOURS NO. VOLTS Min. (AMPS) Max. LIFE 
331 1306 500 6A 6 O12 016 *(L)—Indefinite 
| 343 25 «0 30 12% 12 0.17 indefinite long life, 
338 a. oS. 2A 26024 ~S—«i025Sts«é035 ide e~ over 6000 
—— o 2 oe 2— 24.032 —0.038 6000 hours 
345 60 04 1000 ar a nC gr 
“30 +4140 +08 +750 ac 48 ~~? osesSti( iS 
| 327 280 04 1000 55¢ 55 Si.045~— 0.055 


































Applied voltage should always exceed have the necessary resistor for the 
105 volts if direct current. “High circuit voltage for which they are 
Brightness” glow lamps require at least rated. Lamps with bayonet bases have 
| 160 volts d-c. no voltage rating. The circuit voltage 
| Light is produced as a glow on the is determined by the user and the 
| negative electrode, hence these lamps necessary resistor is included in the 
| are known as negative glow or cathode pilot light. 
glow lamps. When operated on a-c, In either case the resistor is the 
both electrodes glow alternately but at dominant factor in determining the 
such a high frequency that they both lamp current. The life of the lamp is 
seem to be lighted continuously. approximately inversely proportional 
Voltage and Performance. The neon to the cube of the lamp current. Resis- 
glow lamp has most unusual voltage tor value is selected to give desired bal- 
characteristics. Although minimum vol- ance between brightness and burning 
tage is needed just to get it lighted this life. Normal variations in applied vol- 
voltage is enough to make it “run tage produce only directly proportion- 
away, that is to pass excessive cur- al changes in lamp current and have 
rent, unless some resistance is included minor influence on life performance. 
in the circuit. The resistance may be “High Brightness”. Some glow lamp 
| in the lamp assembly, inside the base, types have been modified by the use 
| or in the pilot light assembly. Those of a new gas mixture and are called 
glow lamps which have screw bases the “high brightness” types. These 
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lamps may be operated at about 3 
times the usual level of current wi 
the same hours of life. Their effig; 

is also higher so that about 8 times 
much light is emitted. 

“High brightness” lamps require 
slightly higher starting voltages and 
show a more rapid rise with bumj 
On some circuits they will finally fj 
to light before they have depreciated 
in light output to the point of replace. 
ment. 

Built-In Resistors. Inclusion of byil. 
in resistance in the pilot light assembly 
has revolutionized the use of gloy 
lamps in pilot lights by eliminating 
the need for many ratings. The pil 
light is simply designed for the spec 
ial conditions of service with the 

er resistor and with a socket for on 
of the bayonet base neon lamps. 

The resistor may be of high ohmip 
value for 250 volts or low for 95 vol 
It may be of high value for very long 
lamp life or low for brightest light 
where used in intermittent or inhe 
quent service. A very few sizes o 
lamps can cover all requirements. 

Life of neon glow lamps is long 
very long at low loading. It is reduced 
in about inverse proportion to the cube 
of the current. Don’t look for vey 
bright light from neon glow lamps, bit 
expect extreme ruggedness and de 
pendability. 

Neon glow lamps are insensitive to 
most of the external conditions about 
them. They are little affected by rather 
extreme variations in applied voltage 
Temperature has little effect fom 
very low extremes to 165 F. “Or 
and “Off” operation has no effect a 
all. 

The resistor can, of course, be omit 
ted entirely in those applications whet 
the lamp serves a purpose as a cifcul 
component as well as being 4 Tight 
source—providing that current is lit 
ited to proper value by the circuit im 
pedance. 

The following are some of the spe 
ial circuit functions glow lamps mi 
perform: voltage regulators, oscillatoss 
limitors, couplers, flashers, pulse i 
cators, memories. 


PILOT LIGHT SELECTION 


After choice of a proper lamp bub 
selection of a pilot light is 
to choice from various body 
adaptable to the lamp. Modular é 
sign further simplifies selection. 
modular elements are used, @ 
range of choice within each body 9? 
is available in every detail: Lens 


ELECTROMECHANICAL Design 
CIRCLE NO. 36 ON INQUIRY CARD® 
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about 3 
nt with 
fici 
rm TABLE IV 
— Neon Glow Lamp Listings 
require 
Bes and 
buming Sam Dee 1/0 eet T-2 Bulb, 1/25 Watt 
ally fail Miniature Bayonet Base Telephone Slide Base 
reciated Types NE-51 and NE-51H Type NE-3 
Ws (High Brightness) 
rep 
of built lamp types are extremely versatile | Small in diameter and tipless for good end- 
assembly oe lial indicators, useful wherever on _ effectiveness. Used in slide base pilot 
f truly miniature lamps are needed for volt- lights, these lamps extend the voltage range 
of low ages in ranges 105 to 125, and 210 to 250, to commercial circuit voltages. Maximum 
minating The new high brightness lamps may be op- with rigor lamps is 60 volts. Require 
erated bout th times the level of external resistor. 
te Pi current he ion pp hen to standard Recommended Resista:ce Values (Ohms) 
pisos jamps and they will produce eight times as Applied Volts 105-125 
he PrOp- much light. Best Light 56,000 
for one Recommended Resistance Values (Ohms) Medium Life 100,000 
$. For NE-5T Long Life ____ 220,000 
h ohmic Applied Volts 105-125 210-250 
95 volts Best Light 56,000 180,000 
Medium Life 100,000 270,000 
eg are tte li | $-7 Bulb, 1 Watt 
, for NE51-H Double Contact Bayonet Base 
or inh Applied Volts 105-125 210-250 Type NE-79 
sizes | ext Light 18,000 56,000 
nts, Medium Light 33,000 120,000 : . 
i long, long Life 82,000 220,000 The most effective neon lamp-suitable for ad- 
. verse conditions in heavy duty Pilot Lights. 
reduced Recommended Resistance Values (Ohms) 
the cube Applied Volts 105-125 210-250 
Best Light 3,000 9,400 
4 fe Eth Bum, 16 Wott Long Life 6,000 __60,000 
imps, Double Contact Bayonet Base — 
and de Types NE-48, NE-16, NE-17 
nsitive to 1-2 Bulb 
ms about Bayonet base lamps require a current- Midget Flange Base 
by rather limiting resistor. Types NE-2D, NE-2J 
| voltage Recommended Resistance Values (Ohms) 
ct dae Applied Volts 105-125 210-250 
p Best Light 16,400 44,000 ms , ‘ee eee : 
F. “Or 4 Subminiature units for use in miniature in- 
fect at pee Ute 30,000 94,000 dictators. Require external resistor. 
" Recommended Resistance Values (Ohms) 
For NE-2D 
be omit: eta ine Applied Voltage 105-125 AC or DC 
ulb, % an a : 
ye “ Candelabra Screw Base poe gl aaa 
a Types NE-45 and NE-57 (14 Watt), : 20.000 
4 light NE-58 (12 Watt) Long Life 220, 
; is lim ” For NE-2J (High Brightness) 
‘ a Applied Volts 105-125 AC only 
These screw base lamps have resistors built Best Light 18,000 
the spec into the base and may be connected to cir- Medium Life 33,000 
mps mil cuit voltage indicated. Long Life 82,000 
»scillaton, 
ulse indi 
lng diameter, lens color, lens surface, Pilot light types as assemblies may 
type, resistance value, metal be categorized generally as follows: 
bul, finish and insulation. For example, sub-miniature, ultra-miniature (data- 
pe t Corp. offers for one body type _ lites), oil-tight, placard lights, press-to- 
| tdaptable to a T-3% neon glow lamp: test, press-to-switch, light shields, and 
oy 3 types of terminals, 6 types of screw- dimmer types. Dialight also catalogs 


» 4 types of friction fit lenses 







on 
mn. be and 16 types of screw-in lenses. 
, a ne Choice of the modular elements is 
pi indicated by the function the pilot 
ens will be required to perform. 
peste 1960 
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message lights, lens cap assemblies for 
panel mounting, bracket mounted sock- 
ets and lamp holders, and open type 
indicator lights. eee 





put 82/2/5428 in your designs 


















































D2'2D Double Blower 


BLOWERS 


are quiet 





When you want quiet, dependable 
operation, choose from the complete 
line of Heinze Blowers. The D24%S 
single unit delivers 17 cfm (free air) at 
3100 rpm, D214D double blower sup- 
plies 34 cfm (free air). Both blowers are 
powered by 2 pole shaded pole induc- 
tion motor Units are enclosed in dur- 
able plastic housing. They operate on 
115V, 60 cycle, and are available in 
other voltages and frequencies. 


Applications include dispersion of 
heat generated by electronic equip- 
ment, induction heaters, diathermy 
equipment, instrument cabinets, trans- 
m.tter cubicles, also for tube cooling 
in television cameras, vending machines 
and drying operations. 

Send coupon for technical data on 
the complete line of Heinze Sub-Frac- 
tional Horsepower Motors and Blowers. 


ELECTRIC COMPANY 
685 Lawrence St., Lowell, Mass. 
Sub-Fractional Horsepower Motors and Blowers 
Heinze Electric Company, Dep’t ED 
685 Lawrence St., Lowell, Mass. 
Please send me technical literature and 
price information on Heinze Motors and 
Blowers. 


Name & Title 





Company. 
Street & No, 
City & State 
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NEW TECHNIQUES 





MICROMINIATURE CIRCUITRY | 


Thin-Film Components 
for Integrated Circuits 


The possibility of applying thin-film 
techniques to the production of high 
performance electronic circuitry has 
reached a breakthrough point. Dozens 
of well known, well established com- 
ponents and systems groups have en- 
tered the fields with varying degrees 
and approaches within the past few 
years. And the potential of success and 
the state of the art is such that fully 
functional electronic modules based on 
this film components may be around 
the corner. 

A newcomer to this field is Intellux, 
Inc. of Reseda, California. Although 
management has plans for a rotary 
components division and a _ military 
system division their main emphasis 
today is in the area of thin film tech- 
niques. Here is a report on the state- 
of-the-art, as engineers of Intellux see 
it. 

Present available techniques for 
creating thin films with specific elec- 
tronic characteristics are: 

@ Physical methods such as vacuum 
deposition and cathode sputtering; 

@ Mechanical methods such as roll- 
ing, spraying and cladding; 

@ Chemical methods, including ther- 
mal decomposition, electroplating, hy- 
drogen reduction, and chemical reduc- 
tion. 

Of these the most used at this time 
are: vacuum deposition, electroplating, 
chemical reduction, and thermal de- 
composition. 

Vacuum deposition involves placing 
the surface to be coated, the substrate, 
in an evacuated chamber, with a small 
quantity of the coating material. The 
coating material, subjected to intense 
heat, vaporizes and deposits on the 
substrate. This process, in general use 
and well developed, requires expensive 
equipment. Because films deposited 
have wide variations in the electronic 
and physical properties, the process 
does not seem to hold much promise 
for low cost, mass production. 

In electroplating, the substrate im- 
mersed in the plating solution func- 
tions as a cathode when current passes 
through the bath. The corners or sharp 
edges of the substrate represent high 
current density spots where the plat- 
ing will be thicker, making it difficult 
to obtain uniform thin deposits, espe- 
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cially in fine line configurations. More- 
over, to act as a cathode, the substrate 
must have electrical conduction char- 
acteristics—a major disadvantage in 
some applications. 

If the substrate material is a non- 
conductor, previous metalization of its 
surface is required, resulting in varia- 
tions in plating characteristics because 
of differences in metalizing thickness 
and the restriction of plating to metals 
alone severely limits film properties 
obtainable. 

Chemical reduction techniques for 
the deposition of metal thin films were 
developed to a large extent by the 
National Bureau of Standards. The 
process consists of immersing substrate 
material in a bath of metal salts, an 
active chemical reducing agent (organic 
or inorganic) and a complexing agent. 
Metal salts provide the cations of the 
metal in solution; the reducing agent 
brings about the discharge of the metal 
ions. The complexing agent serves a 
two-fold purpose: it keeps the metal 
salts in solution in the form of com- 
plexes as the bath becomes acidic, and 
it serves as a buffer to keep the pH 
of the bath from changing too rapidly 
during the plating operation. The 
“electroless” metal films produced by 
chemical reduction are not pure metals; 
they contain small percentages of other 
materials such as phosphorous. More- 
over, their physical characteristics are 
somewhat different from the properties 
shown by the same material deposited 
electrolytically. 

While the process can be run at room 
temperature, controlling most of the 
variables, the chief drawback is that 
limited characteristics are obtainable 
from the few films that can be de- 
posited chemically. However, because 
a chemical process can be automated 
for large quantities of film cheaply and 
quickly, Intellux, Inc. is devoting a 
R & D program toward its improve- 
ment. Since the chemical reduction 
process is specifically adapted to pro- 
ducing metal films, the investigation is 
directed at the applicability of the 
process to producing magnetic memory 
elements. 

Thermal decomposition of thin films 
has been developed by Intellux to pro- 
duce resistors, capacitors, and func- 
tional electronic units. Ferrite films 
have been deposited and are being 
investigated for suitability as memory 
elements including the deposition of a 

















A. Controlled Resistivity glass 
is made in special furnace and 
cut in production sized sheets. 












B. Glass sheets are cleaned \ 
before thin films are deposited. 











C. Glass sheets are heated in 
automatic electric furnace. Thin | 
film of tin oxide is formed on 
surface of glass sheet by 
spraying glass with solution of 
tin chloride and catalytic agents. 















































D. Thin film surface of tin oxide 
is coated with photo-resist. 



















thin film diode that shows promise for 


computer applications. ty, and abilit 
temperatures, 
THERMAL DECOMPOSITION PROCES F ain oy 


Thermal decomposition can be applied § per square. ' 


to a number of different materials,  — mined by co 

sulting in thin films that can salt > ahed the | 
numerous electronic functional requifé ee, 
ments. The inherent physical chant — 
teristics of the deposited films and the nade by 99 
materials chosen as substrates form the F 4, thin fl 
basis for the excellent weight and spit f tesistors ig 4 
characteristics and high enviro; 

resistance. The films themselves a 9 ees 
compatible with modern photo-chemk 

cal processes which make Produce films 
highly efficient production and low uit F lionths of an 


cost. Electronic 









In thermal decomposition, films #@ § #@, of cours 
formed by spraying the surface of & mater 
heated substrate with a solution of Wie agents e 
film material and catalytic agents. Once form. 
materials in solution decompose stable 
exposed to the high temperature sub electr 
strate and form chemi-molecular tion of these 
with the substrate surface material ® § Specific electro 









ELECTROMECHANICAL DESIGN 














1. Sheets of substrate with tin 
oxide in resistor configurations 
are cleaned and inspected for 
defects in resistor patterns 


+ H. Portions of tin oxide film not 
protected by photo-resist are 
removed. 


G. Exposed portions of 
photo-resist in configuration of 
resistor pattern is set by 
heating to 150°F. 








F. Exposed photo-resist is 
developed removing all resist 
that has not been exposed. 


E. Photo-resist coating is 
exposed to negative of desired 
resistor element pattern. 





J. Silver glass connectors are 
printed over the resistor patterns 






K. Connectors are fired in 
place in continuous lehr. 


L. Hermetically sealing glass 
frit is printed over the 
resistor patterns. 





M. Sealing glass frit is 
fired in lehr. 


N. Resistors are adjusted to 
precision tolerances by opening 
appropriate shunts in resistor 
pattern with airbrader device. 


=, 


























R. Resistors are packaged in 
large rolls to facilitate 
= use in automatic component 


<i insertion machines. 
AZ ea : 
OS Be \\e 
7g 
cj 


A 
> Q. Resistors are encapsulated 
in epoxy and labeled. 






P. Leads are attached 
to resistors. 


O. Glass sheets are 
automatically scored and 
divided into individual 
resistor elements. 











Resistors produced by the thermal de- 
composition technique above have out- 
standing properties of accuracy, stabili- 
, and ability to perform under high 
temperatures. Tin oxide thin films are 
wed with a basic resistivity of 100 ohms 
per square. Value of resistor is deter- 
mined by controlling the length to width 
mtio of the film configuration. Range 
of resistance available with tin oxidc 
films is roughly from 20 ohms to 2 meg- 

Extensions of these ranges can be 
made by altering the basic resistivity of 
the thin film; power rating of the 
Mistors is determined by the overall 


ees 


size of the element configuration. Re- 
sistors are coated with a glass frit that 
is fired to provide optimum hermetic 
sealing. Intellux, Inc., is presently pro- 
ducing resistors by this method to com- 
ply with all requirements under Mil 
Spec 10509C in production runs, 800 
4" x %"” or 3200 %" x \" resistor 
elements are formed simultaneously on 
a single 10” by 12” glass substrate. 
Thin film resistors formed by the In- 
tellux process have the following char- 
acteristics: 

Resistivity: 100 ohms per square. 
Minimum value: 50 ohms. 


Maximum value: 4 megohms. 
Temperature coefficient: 30 PPM/C 
Voltage coefficient: none. 

Inherent accuracy: 8%. 

Accuracy after adjustment: 1% (0.1% 
with special precautions). 


Resistance change: 1 to 4% estimated 
after 1000 hrs period of aging at 500 
C, 0.1% to 0.2% after humidity cy- 
cling, 0.1% after five-year shelf life, 
0.5% maximum at 100% load at 125 
C ambient. Dissipation: 1 watt per 1 
square inch will cause temperature rise 


of 35 F at 70 F ambient. 





produce films approximately ten mil- 
of an inch in depth. 
ic properties of these films 
te, of course, dependent upon the 
materials used and the cata- 
Itc agents employed. 
Once formed on the inert, dimen- 
‘ially stable substrate, the film has 
electronic properties. Utiliza- 
ton of uniform properties in a 
Petilic electronic element requires that 


the film be processed to provide a defi- 
nite two-dimensional configuration. 
That gives the elements their desired 
values. 


PHOTO-CHEMICAL PROCESSING 


The thin film coated substrate is 
covered with a photo-sensitive material, 
which, when exposed to light, becomes 
impervious to certain chemical re- 
agents; unexposed portions can be dis- 


solved away by reagents. The result 
of these processing steps is a substrate 
with a thin film of selected material 
deposited on its surface in certain de- 
sired configurations, Production reso- 
lution obtainable with this process can 
produce line widths of 0.0015 +0.0001 
inch. Line widths as fine as 0.0004 
inch have been produced in limited 
quantities. These configurations of thin 
films form the basic electronic elements. 
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NEW TECHNIQUES 





GLASS SEAL 
~qg-——— SILVER CONNECTOR 





CAPACITOR PLATE 





DIELECTRIC FILM 





SILVER —- 
CONNECTOR ; 
! 





CAPACITOR PLATE 


GLASS SUBSTRATE 





/ 


Exploded view shows various thin film layers that make up 
capacitor elements. Individual capacitors and networks of 
capacitors are formed in much the same manner as resis- 
tors. Initial steps in the process are the same: a tin oxide 
film in the desired configuration for the plate of the capaci- 
tor is formed on a glass substrate by first coating the sub- 
strate with the tin oxide film and then processing photo- 
chemically to produce the desired configurations. An insul- 
ating, high dielectric, thin film, developed by Intellux, Inc., 
is deposited over the tin oxide configurations and photo- 
chemicaly processed to the required shape. A second tin 
oxide fim is then laid down over the dielectric film to form 
the second plate of the capacitor. Silver glass paste for ex- 
ternal connections or interconnections is printed on and 
fired in place. Finally, an electronically inert glass frit is 
spread over the capacitor and fired to hermetically seal 
the unit. Capacitors produced by this technique have the fol- 
lowing general characteristics: 

@ 10,000 micromicrofarads per square centimeter maxi- 
mum 

e 0.01 micromicrofarads per square centimeter at 50 
volts using a non-conducting iridized oxide film, 0.001 inch 
thick, as the dielectric 

e 0.01 micromicrofarad capacitors with temperature co- 
efficient similar to mica capacitors. 
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GLASS SUBSTRATE 


Intellux thin film techniques make possible production of 
multilayer inductor elements. Alternate layers or right 
and left-hand spirals form the inductor. Insulating films 
separate the spirals. Inductors present one of the mos 
difficult areas in microminiaturization of electronic ci 
cuitry. Inductance is determined by the physical configun. 
tion of the inductor and factors such as radius of the in 
ductor, number of turns, and radial thickness of the induce. 
tor are the major considerations. An important factor in 
deposited inductors is, of course, losses introduced by the 
dielectric properties of the substrate material. The techniqu 
of forming deposited inductors involves the deposition of a 
high conductance film in the form of a spiral. Single layer 
inductors have, in general, low values of inductance, and 
several methods are under study for increasing these values 
One concept involves additional deposition of a magnetic 
material in the center of the spiral configuration. Another 
is to deposit a second spiral of magnetic material inter 
wined with the inductor spiral. The thin film deposition 
techniques employed by Intellux, Inc., permit another 
proach to increase inductance value: producing multi-lay- 
ered inductors of alternate right- left-hand spirals 
interconnected. Thin films of insulation separate the alter 
nate spirals. 





Several individual configurations can 
be formed in this manner on one seg- 
ment of substrate and interconnected 
to form networks of electronic ele- 
ments, but, more important, the entire 
process can be repeated with films of 
different electronic properties to form 
combinations of electronic elements to 
be used individually or combined for 
some single electronic function. Com- 
binations of configurations of these re- 
sistive, dielectric, conductive, and mag- 
netic thin films, then, can be used to 
produce units that perform a variety 
of electronic circuit functions. For high- 
density packaging, these films, sepa- 
rated by insulating layers, can be 
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“sandwiched” to any depth desired— 
and interconnected by other deposited 
films. 

Besides demonstrating excellent elec- 
tronic properties, Intellux claims these 
films have the advantage of being only 
ten millionths of an inch thick and 
thereby contribute a negligible amount 
to the weight and volume of the final 
electronic unit. In addition, because of 
the high temperatures of the produc- 
tion process, the resulting films are 
operative at temperatures that greatly 
exceed operating thermal ranges of the 
majority of present day electronic 
equipment. Thin film units also lend 
themselves to encapsulation with cer- 


amic materials, providing maximul 
sealing against adverse environment 


FUNCTIONAL ELECTRONIC UNITS 


Investigations into the application 
thin film techniques to basic electromit 
elements indicate the great similarly 
of the process steps required to 10m 
each type of basic element, It is thi 
consistant procedure that gives 
thermal decomposition technique # 
greatest advantage in generating 
tional electronic units. Thin films 
for the various electronic properties # 
all compatible, have the same tél 
perature requirements in producti 
can all be processed photoch 
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7m! sel ~ film functional unit. Uncased transistor is inserted into depression 
glass substrate where transistor makes contact with conducting film. 

ections to active sections of transistor are made by depositing con- 
ducting films over these sections. Exposed surfaces of the transistor are 
passivated to prevent contamination and the unit is hermetically 
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magnetic reluctance 
PRESSURE 
TRANSDUCER 


Ranges: 200 to 10,000 psi — Gage or 
Absolute. 


Pressure Media: Corrosive liquids, gases 
and solid suspensions, 


Insensitive to Shock and Vibration. 


PACE’s Model P2 is designed for static 
and dynamic measurement in missile, 
aircraft, laboratory and ground test 
applications. 








PACE 


engineering company 


13035 Saticoy Street 
North Hollywood, California 
TRiangle 7-7139 
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Thermal 
switch 
engineering 





“TIP TEMPERATURE” RESPONSE SWITCH FROM CPI RESEARCH 


This is a new precision thermal switch designed to act as a warning device 

in controlling temperatures in aircraft generators. But that is only part of 
the story. This CPI switch responds to tip temperatures rather than 

shell temperatures. For that reason it's called the “Tip-Stat”. It now joins 
the growing CPI family of high quality, custom, precision thermal switches. 


There’s a good chance that this switch or a modification of it can 
solve your thermal control problems. If not, CP! engineers can create a 


new switch that does. In either event, why not tell us about your 
thermal control problem now? 


This hermetically sealed 
switch has spring loaded 
inner cartridge, can be 
“bottomed” in hole under 
considerable tip pressure; 
calibration range is — 20F 
to 550F; safe momentary 
overshoot to 600F; reaction 
time, less than 0.5 seconds. 
Mention “Tip-Stat” when 
inquiring. 











CONTROL PRODUCTS, INC. 


‘mt aasn sites 


212 Ridgedale Avenue, Hanover, NJ. 
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Sixty-three of the networks are proe. 
essed in a single operation, 


ito 





Complete five-resistor network. 


and exhibit excellent qualities such # 
dimensional stability and resistance ® 
contamination. 

Transition from these individual dé 
ments in functional units is more 
feasible. According to Intellux it is# 
ready an accomplished fact. Resistit 
capacitor filter networks have 4 
been fabricated. A computer 
pulse generator circuit employing 
resistors, 2 capacitors, 6 diodes 
4 transistors is currently in develop 
ment. : 

These accomplishments form the it 
centive for this proposal and asst 
the production of functional elects 
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The typical functional unit envisaged 
by Intellux consists of multiple layers 
gf thin film passive electronic elements 
interconnected by conducting films and 
gparated where necessary by insulat- 
s¢ films. Cased or uncased micro- 
fiature active elements such as 
Wades and transistors would be mount- 
Jon or in depressions in this multiple 
iyer sandwich and connected to ap- 







swpriate portions of the passive ele- 
ment networks by silver inks or con- 
jucting thin films. The entire unit 
yould be sealed in a glass frit to pre- 
yt contamination of the uncased 
dements and to hermetically protect 


the 


entire unit. 


f 








ATION TO COMPUTER DESIGN 


ie of the promising areas for the 
lication of thin-film modules lies in 
ducing the size, weight, maintenance, 
ability and cost of computers. Func- 
final modules, interconnected in ac- 
qrdance with the logical design of the 
gecific computing requirement, can 
provide computer designers with a 
wide flexibility in logical design with- 
out the necessity for developing basic 
circuitry for each new computer. 
computing requirement and the pro- 
The technique greatly shortens the 
lad time between establishing the 
duction stages, since it eliminates the 
need for long periods of circuit design 
at must be completed before produc- 
‘can be started. In addition, once 
asic functional modules have been 
ted, continuing development can 
oncentrated on increasing their re- 
lability, and reducing their cost with- 
fiequiring any major modifications 
‘thé computer logical design. 

Write No. 227 in Box on Inquiry Card 
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WCROMINIATURE CIRCUITRY II 





Continuous Pattern of Tantalum 

4 oar "Gomi ana 
Provides rcu mplic an 
Homogeneity 


Considering reliability, size and cost as 

key design objectives, Mr. D. A. 

of Bell Telephone Labs, Mur- 

ny Hill, N.J., evaluated the potential 

of tantalum microcircuitry in a paper 

Mesented at the recent National Elec- 
tonics Conference. 


TANTALUM FILMS 


At the Bell Laboratories, the method 
being developed for general purpose 

cuitry consists of first produc- 
ing a pattern of tantalum on an inor- 
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PICK \ 


your frequency... 


DIEHL precision resolvers and phase-shifters are avail- 
able for operation at frequencies up to 2 Mc. 

Operable and accurate at frequencies up to 2 Mc., the 
DIEHL line of precision resolvers and phase-shifters 
are right now proving their accuracy in a growing 
number of actual applications. 

One of the secrets of their success is an ultra-flexible 
basic design which permits almost limitless winding 
variations in the same size 11 frame, tailoring each unit 
for optimum performance at your frequency. 

Another is the wealth of design and manufacturing 
experience obtained during the four years since develop- 
ment of the first high frequency units in the precision 
manufacturing facility at DIEHL. 

Not to be overlooked is the company’s willingness 
to accept special frequency requirements rather than 
insisting on conformance to arbitrary ‘“‘standard’”’ values. 

Take advantage of all our “‘trade secrets” when you 
specify high frequency resolvers and phase-shifters by 
DIEHL. 

Write for complete information. 4004 


‘| DIEHL MANUFACTURING COMPANY 


A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 





Somerville, New Jersey 





1A Trademark of THE DIEHL MANUFACTURING COMPANY —*A Trademark of THE SINGER MANUFACTURING COMPANY 
CIRCLE NO. 40 ON INQUIRY CARD 
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Fig 1 Internal and external connections of a pyrolylic carbon 
resistor. There are eight junctions, four at each end: (A) be- 
tween the carbon coating and the silver or other contacting ma- 
terial; (B) between (A) and the metal cap; (C) beween the 
metal cap and the external lead; (D) the connection into the 
circuit. None of the eight junctions are required when tantalum 
microcircuitry with tantalum resistors is employed. 


ganic substrate. Appropriate sections 
of the pattern are anodized to form the 
dielectric for capacitors. Resistors are 
a part of the pattern consisting of lines 
of appropriate length and width. Tan- 
talum also forms the basic intercon- 
nections which can be overlaid if neces- 
sary with a metal of higher conductivi- 
ty. Thus in one continuous pattern 
produced by a simple series of steps 
the capacitor anodes, the resistors, the 
conducting paths and the interconnec- 
tions are integrally formed. 

Metals other than tantalum are con- 
tenders for this type of circuitry; for 
example, niobium, titanium and zirco- 
nium. Bell Lab’s choice of tantalum 
is based on its high potential useful- 
ness; on Bell’s extensive background in 
the production and use of tantalum 
oxide dielectric films; and on the avail- 
ability of tantalum in high purity. 

Mr. McLean reported that attempts 
to produce tantalum film components 
on ordinary ceramic surfaces have been 
generally disappointing. Capacitors so 
made usually have poor dielectric 
strength and the resistors are difficult 
to control due to variable substrate sur- 
face characteristics. Greatest success 
has been achieved on glass surfaces al- 
though glazed ceramics hold some 
promise. The bulk of Bell Lab’s ex- 
ploratory work has been with ordinary 
soda-lime glass, but success has also 
resulted with Pyrex, Vycor and Foto- 
form. 

The reason for the limited usefulness 
of ordinary ceramic surfaces probably 
lies in the fact that the surface irregu- 
larities are very large compared with 
the thickness of the tantalum films. 


52 


Methods may be found for lapping or 
polishing ceramics to give a satisfactory 
surface, but in the meantime Mr. Mc- 
Lean declared, it is necessary to rely 
on glass or on other materials having 
equivalent surface smoothness. 


DEPOSITION METHODS 


Tantalum films may be deposited by 
sputtering or evaporation. Sputtering is 
convenient for laboratory use since it 
is essentially a low temperature process. 
At Bell Labs, it is carried out in argon 
at a pressure of 10 to 20 microns and 
at a potential of about 3500 volts be- 
tween electrodes with 2.5” spacing. 
Under these conditions, the sputtering 
rate is about 100 A.U. per minute, al- 
though by increasing pressure and 
voltage, higher rates can be realized. 

Initial sputtering is on a shutter 
which is swung out of the way after 
sputtering conditions are established. 
Arc-melted tantalum is used for the 
cathode. When applying films to indi- 
vidual substrates little is gained by in- 
creasing sputtering rate since most of 
the cycle time is involved in pump- 
down and other preliminaries. In either 
evaporation or sputtering for commer- 
cial uses it would be desirable by in- 
ternal feed mechanisms or by other 
means to arrange for coating a number 
of substrates per cycle. 

In carrying out evaporation of tanta- 
lum at reasonably high rates, it is neces- 
sary to raise the charge to a tempera- 
ture in excess of 3000C. This is 


accomplished most conveniently by 
electron bombardment. At Bell, sub- 
strates have been coated at a rate of 
500 A.U. per minute when placed 4” 





from the source and there jg 
reason to believe that higher rates cap 
be achieved. 

The readiness with which high rates 
can be obtained by evaporation; the 
fact that the charge is degassed and 
purified at high temperature; and th 
carrying out of the process jn }j 
vacuum—all make evaporation a serious 
contender as a commercial method of 
application. In evaporation as in 
tering, a shutter can be used to colleg 
the first material to come from fy 
charge. 

One of the most critical tests of ad. 
hesion is the ability to anodize withoy 
peeling the film from the substrate, fy. 
cept in the cases of known substrate 
contamination, no adhesion difficulties 
have been observed either with spit 
tered or evaporated films. 


CAPACITORS 


Electrochemically-produced tantalup 
oxide is used as the dielectric in capac 
tors. In the formation of the dielectric 
the tantalum film is made positive in 
an electrochemical cell to convert a pat 
of the metal to Ta,O;. The capacitor 
is completed by depositing a counte- 
electrode of gold, aluminum or othe 
suitable metal on top of the oxide, The 
thickness of tantalum oxide formed i 
directly proportional to the voltag 
used in anodizing if other condition 
are kept constant. For room tempen 
ture formations, the thickness is about 
15 A.U. per volt. The films formel 
are extremely uniform and readily cot 
trolled in thickness to near-atomit 
precision. 

Dielectric strength of tantalum oxide 
layers formed electrochemically on tar 
talum deposits is about 6 x 10° vols 
per centimeter and the working ste 


















about one-half of this. The workitg 
voltage is 7500 volts per mil. Dielke 
tric constant of tantalum oxide is abott 
25. Capacitors for 50 volt operat 
provide approximately 0.1 cm? or 10W 
pf/mm?. Indeed, one problem is thi 
the value is so high that high precisa 
area control is required for small vali 
capacitors. However, this high a@ 
yield means that it is practical to bull 
most microcircuit capacitors as si 
single layer items. 
At 75 volts, leakage is of the ome 
of 10-® amps for a 30,000 pf, 50 wt 
capacitor. This corresponds to 
8000 ohm farads (although 








at 50% above working voltage). Tait : 


lum oxide has a dissipation factot 
0.01 or less, the exact value d 
upon tantalum purity and other 
Up to several hundred KC, there # 
little change in dielectric constamt® 
dissipation factor with frequency. Dit 
are not yet available in the at 
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ies being controlled by the ef- 


te series resistance of the elec- 


trodes. This can be overcome by em- 
ploying an underlay of conducting 
getal. The series resistance can also 
jg minimized in the capacitor design, 
ially for small capacitance values, 
careful attention to shape. Tem- 
e coefficients are quite consist- 
ally in the range of +250 ppm/C. 


"Life tests are limited at present and 


futher extensive tests will have to be 
gade to establish reliability. The na- 
que of the materials used and the fact 
fut dielectric properties approach the 
iitinsic properties of the materials in- 
jcate that high reliability should be 
alized. In the largest life test to date, 
ity-seven 50 volt, 30,000 pf capaci- 
ios were placed on dc potential at 50 
wits and 85°C. In an 18 week test 
ere was one failure which occurred 
at 14 weeks. At 90% confidence level, 
his corresponds to a failure rate of 
jgs than 2% per 1000 hours, under 
these severe conditions. 


RESISTORS 


Tantalum is also an excellent material 
for film resistors. Sputtered or evapo- 
mied tantalum films have resistivity 
values 10 to 40 times of that of bulk 
titalum. This places tantalum films in 
aiesistivity range with bulk nichrome. 
Temperature coefficients of resistivity 
ae generally bracketed by the range 
£150 ppm/C. Values within this range 
appear somewhat randomly but it is 


‘Wieved that with further development, 


mntrol of temperature coefficient will 
be possible. 

Tantalum film resistors can be ad- 
jisted by anodizing since this process 
wnverts a controlled amount of metal 
illo insulating oxide. Furthermore, in 
mst ranges, the resistance can be 
iiitored during adjustment so that 
the process can be stopped at exactly 
ie tight point. The anodic film pro- 

both chemical and mechanical 

fiolection and is therefore useful even 
when not employed for adjustment. 

most metallic film resistors, tan- 

resistors require thermal 

ing to stabilize them. The exact na- 

li of the stabilizing process is not 

, but appears to involve both 

l and compositional effects. 

the tantalum resistors are to operate 
®t 100°C, a stabilization treatment 
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INTERCONNECTIONS 


A feature of tantalum microcircuitry 
as far as possible connections 

tn to the board are tantalum 
These will usually be stripes of 

é Which are wide compared to 
Rsistor line width, but it is also 
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FIVE NEW TRIMMERS FROM 
HELIPOT! Picking a trimming pot for 
a troublesome application ? Helipot says, 
“Take five, they’re small”...and each 
Helitrim® trimming potentiometer is de- 
signed to solvea particular predicament! 


. Take the new Model 70, low-priced 1%” 


square trimmer. that offers Teflon leads, 
humidity resistance, and slip clutch stop 
as standard! (With center tap as spec!) 


. Take the new Mode] 71, another %” 


square trimming pot that’s outfitted 
with all-metal housing and gold-plated 
pins to pamper printed circuits. 


Take the stubbornly stable Model 50 with 
resistances of 50 to 50K ohms. Its cermet 
resistance element scoffs at environmen- 
tal stress and strain...even at 200°C! 


4. Take the new Model 53. Cermet con- 


struction and essentially same electrical 
specs as the nifty 50... but with pins. 


5. Take the Model 54, another 200°C cermet 


unit, with solder lug terminals! 


When you're at the end of your rope, 
tie your trimming requirements to this 
line ...it’s a good one. And remember : 
whatever your potentiometer needs— 
trimmers, single-turns, multi-turns, dials 
or delay lines—call Helipot first, fast 
and always. 

More details are available in our new 
catalog. 

Ask for it. 
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Beckman / Helipot’ 


POTS : MOTORS : METERS stig, 
; “ 5) 
Helipot Division of 325 2 
Beckman Instruments, Inc. a YEARS ; 
Fullerton, California C5 oP 
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PERMANENT MAGNETS 
ARE PERMANENT! 


TRULY PERMANENT permanent magnets are 
now possible, according to scientists of 
Indiana Steel Products Division, Indi- 
ana General Corporation. The following 
conclusions were gained during a spe- 
cial research project conducted by In- 
diana and supported by funds of the 
United States Air Force.* 


NATURAL STABILITY 


1. Materials having the highest coercive force 
displayed the greatest natural stability. 


2. Rods of ALNICO V having a greater length- 
to-diameter ratio proved more stable. 


3. Where change in remanence was percep- 
tible, it was found that it decreases linearly 
with the logarithm of time. (See Fig. 1.) 


Fig. 1. Remanence decreases with time, 


' TIME = HOURS (log scale) 
. 1 1 


A 
(L/D=4.3) 


RELATIVE REMANENCE % 
$3333. 


TEST CONDITIONS 


Sample magnets under study were kept 
in a special room where they were rela- 
tively free from external demagnetiz- 
ing influences. Temperature was kept 
virtually constant at 24° +2.5°C. The 
sensitive measuring apparatus, also lo- 
cated in the test room, permitted meas- 
urements to an over-all tolerance of 
better than 1 in 10,000. 


ARTIFICIAL STABILIZATION 


Two methods of achieving complete sta- 
bilization — often required in critical 
applications — were proved successful. 
Both involved artificial reduction of 
remanence. 


Temperature Knockdown—several cycles of 
low temperature exposure, to — 65°C, pro- 
duced the greatest stability. 


Knockdown by Applied AC Fieild—magnets 

were subjected to a cycling diminishing 

field, Stability was best achieved when rem- 

anence was reduced to between 5 and 15%. 
This study indicates that permanent 
magnets can be completely stabilized. 
A magnet, however, that is perfectly 
stable under test conditions can still be 
affected by temperature variations, vi- 
brations, stray magnetic fields and many 
other factors. In the case of selected 
magnets, stability can be guaranteed for 
a flux change no greater than 0.01% per 
year. 

For complete information on the prac- 
tical aspects of “stability,” and for a 
summary of experimental results, ask 
for a copy of Applied Magnetics, First 
Quarter, 1959. Write Dept. V-12 


*Contract AF33 (616) — 3385 monitored by the 
Aero. Res. Lab., WADC. 


INDIANA STEEL PRODUCTS 
VALPARAISO, INDIANA 


in Caneda: The Indiana Stee! Products Co. 
of Canada Limited, Kitchener, Ontario 


A. INDIANA PERMANENT MAGNETS 
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NEW TECHNIQUES 


possible for the interconnecting lines 
to form a part of the resistor pattern. 
In many instances it will not be neces- 
sary to increase the conductance of the 
interconnecting lines. However, when 
required, conductance can be enhanced 
by overlaying the tantalum intercon- 
nections with a more conducting metal 
such as aluminum or gold. This can 
be done at the same time that counter 
electrodes are applied to the capacitors, 
but even when this is done, the basic 
underlying layer of tantalum is always 
present. 


ACTIVE ELEMENTS 


For transistors and diodes, standard 
items are used and either plugged or 
soldered into place. This aspect is be- 
ing further developed since it is essen- 
tial to devise active elements in hous- 
ings which are compatible in shape and 
with current microcircuit developments. 
This, Mr. McLean noted, is one of the 
most pressing needs of current micro- 
circuitry of all types. 


OVERALL EVALUATION 


Process simplicity of tantalum micro- 
circuitry arises from the fact that the 
essential passive components and inter- 
connections are laid down in a single 
pattern by a simple sequence of steps. 
Mr. McLean stated that a system based 
on simple well understood materials 
and produced with a minimum of 
manufacturing complications will ob- 
viously lead to high reliability and low 
cost. Absence of boundaries between 
materials, particularly the boundaries 
between dissimilar materials minimizes 
the need for solder, welds, or other in- 
terconnections of questionable integri- 
ty. Fig. 1 depicts the unions, usually 
between dissimilar materials, in a com- 


Portable Aircraft Weighing Kit 


Electronic weighing kit is capable of 
weighing any aircraft (and for deter- 
mining cg location) up to a gross 
weight of 150,000 Ibs., from forces ex- 
erted at three measuring points. The 
complete kit contains a transistorized 
indicator, a power supply, three load 
cells each with a 50,000 Ib. capacity, 
three 50 foot length cables and spools, 
three adapter rings and plugs, three 
power cables, molded plastic carrying 
case, a metal operation instruction plate 
and an optional accessory kit. All 
equipment is shock-mounted within the 
carrying case. Baldwin-Lima-Hamilton 
Corp., Waltham, Mass. 
Write No. 334 in Box on Inquiry Card 


mon deposited carbon resistor, 

of the junctions depicted in the fou 
are required in tantalum microcirey 
Homogeneity might be considered 
key feature of tantalum microgi 
since it has an important bearing 
all three major objectives: reliabilis 
size, and cost. Elements can be packe 
closely together thus keeping sig” 


down. Cost is minimized since mog” 


interconnections are made as an inte 


gral part of the process. In figuring 


the cost for tantalum microcircuitry, jf 


will not be possible to separate out the 
cost of capacitors, resistors and assem 
bly since all are made simultaneousy 
and integrally. Cost comparisons will 


have to be based instead on sub’ 


assemblies. q 
Tantalum is well known for its chem 
ical inertness. 
stability without hermetic seals or other 
protection with the possible exception 
of anodic oxide film. 
Tantalum microcircuitry is not aimed 
at ultra high temperature applications” 


Hopefully, this means | 


Particularly without hermetic sealing #7 


tantalum reacts with atmospheric gases 


at about 300C and above. Further e 


more, even if hermetically sealed, tar 
talum oxide films on tantalum degrade 


at temperatures above about 400 ### 
500C. If one were striving to meet ube" 
tra high temperature requirements, if 


would be desirable to explore tantalum 
alloys or entirely different metals 
which the same concepts of homogene 
ty and structural and process simplicity 
could be applied. ‘ 

Mr. McLean referred to tantalum 
microcircuitry as only the beginning a 
an approach which may result in app 
cation of similar concepts to a numitt 
of other materials in order to med 
specialized requirements. eon 
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Ultrasonic Joining Unit 


Emitting high-pitched, silent soul 
waves at 25,000 cycles per second, if 
ultrasonic device joins materials pte® 
ously considered extremely difficult! 
impossible to “wet” with fluxless som 
or weld. The materials such as alu 
num, silicon, germanium, and fen 
are considered difficult to join becm 
of the oxide film which forms on™ 
surface. Solder without flux cam 
penetrate this film to “wet” the® 
face. Sound waves excite molten # 
der on surface of these substances ™ 
break down oxide film. Portable 1 
operates on power input of 115% 
ac. Raytheon Co., Norwood, Mast 
Write No. 626 in Box on Inquiry ; 
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by David Bandel Staff Columnist 
Associate -Technical Director, 


TRACERLAB, INC. 


MATERIALS 





sctric power is beginning to compete actively in applications gen- 
reserved for chemical power packages. The new high efficiency thermo- 
elements have made this competition possible. Minnesota Mining and 
ring Co. has delivered a thermoelectric power source to the Coast 
for evaluation as a power source in navigation aids. The thermoelectric 


Bator is fueled by liquid propane, or “bottled gas”. Power output from 


age is 10 watts, and it is claimed that 200 watt hours can be de- 
d by each pound of propane fuel. The potential advantages of this power 
» are reduced frequency of replacement and lower costs. Chemical 
ies produce power at $6-10 per kwh. Propane fuel will deliver power 


15 per kwh, which is a very substantial cost differential. 


attractive possibilities of obtaining electric power directly from heat has 


lated search for more efficient thermoelectric materials. R. C. Vickery 


his associates at NuCor have recently reported on the thermoelectric prop- 
of gadolinium selenide. This material shows a Seebeck coefficient of 
/degrees C at 800 degrees C., which is the highest found to date. Gadoli- 
i telluride may show an even higher Seebeck coefficient but no work with 
material has been reported as yet. It is claimed that gadolinium selenide 


Wioperate at temperatures above 1000 degrees C, which is higher than the 


ting limits of present day high efficiency thermoelectric materials, such as 
telluride. The thermoelectric figure of merit for gadolinium selenide is 


photoemissive material for high temperatures has been announced by 


M@inghouse. A high level of photosensitivity can be maintained at tempera- 
of 250 degrees F for many hours. Present photoemissive materials do not 


pat temperatures above 140 degrees F. In addition to improved thermal 
Heristics, the “dark current” of the new material is less than 1% of con- 
photoemissive materials, resulting in less “noise” and increased sensi- 
| In place of the usual cesium photocathode, the new photoemissive sur- 
are made of sodium and potassium combined with antimony. Photo- 
ise values up to microamperes per lumen have been recorded for some 
ental compositions. Photosensitivity decay constants of 0.34x10=3 have 
obtained at 250F, corresponding to a decrease of 7% after 100 hours. 
ements of spectral response before and after operation at elevated tem- 
ites show that the decay in photoelectric yield is not constant at all wave 
$ and is least in the region of 420 millimicrons. 


tion resistant solar cell has been developed by the Army. It is claimed 
ihe radiation resistance of the new cells is more than 10 times higher 
resent cells. The new cells are made by diffusing phosphorous into the 
& of a p-type silicon crystal. Present solar cells are made by diffusing 
pinto n-type silicon crystals. The mechanism of the effect that produces 
mM resistance is not known, but it is believed that this discovery may 
N'new leads on methods of producing radiation resistant semiconductor 
which are needed to power satellite electronics for long periods 


‘ 


ming has announced a new mineral-filled silicone molding compound 
ee at 700F., for extended periods. In addition to outstanding thermal 
Y, this material has high arc resistance, over 400 seconds, and low 
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Elgin’s hermetically sealed VG and VGS 
miniature rotary relays provide high 
sensitivity and high contact rating in less 
than one cubic inch. The VGS Series operates 
on the power of a single transistor. 


VGANDVGS SPECIFICATIONS 
contact arrangement DPDT(2formC) —s_— 
contact rating 5 amps @ 26.5 VDC or 
115 VAC 60 CPS resistive 
load NS Ne 
min. oper. power VG: 340 milliwatts 
@ 25°C __VGS: 125 milliwatts _ 
max. oper. time @ VG: 6 milliseconds 
nom. oper. power _ VGS: 20 milliseconds _ 
max. release time 10 milliseconds __ 
duty ___ continuous 
shock VG: 100G_ _VGS: 50G 
(MIL-R-5757C, 
_.__— shock test 
vibration 10-55 CPS total max. 
excursion of 0.060 in.; 
as 15G, 55-2000 CPS 
amb. temp. range _ —65°C to +125°C 
life 100,000 operations @ 
rated resistive load 
anes i SR 
enclosure evacuated @ 2.5 in. HG 
ABS, degassed @ 10 
microns and 170°C, dry 
nitrogen filled & 
hermetically sealed 
dimensions H —0.875”; W—0.875”; 
; NSIS L—1.125" 
weight 1.5 ounces 


ELGINGGRELAYS 


2435 N. NAOMI ST., BURBANK, CALIFORNIA 
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NEW THEORY FOR RUSTING OF IRON 


Hydrogen lons From Water Vapor Cause Destructive Reactions 


Scientists at the Westinghouse Re- 
search Laboratories have advanced a 
new basic explanation for the corrosion 
of iron. Dr. Earl A. Gulbransen and 
T. P. Copan suggest that the true cul- 
prits are hydrogen ions. 

The hydrogen ions come from water 
vapor, which must be present if iron is 
to rust to any great extent at room 
temperature. Their theory suggests that 
the tiny hydrogen particles penetrate 
the iron and enlarge the sites at which 
oxygen normally combines with the 
metal. This spreads the _ reaction 
throughout the surface of the iron, 
causing it to rust destructively. 

Until now, the standard explanation 
for iron corrosion is that it is an elec- 
trochemical reaction, somewhat simi- 
lar to that which occurs in an ordinary 
battery. Tiny local areas on the sur- 
face of the metal are assumed to act 
as plus and minus electrical terminals 
under the influence of an_ invisible 
liquid film of water, generating minute 
electric currents that corrode the iron. 
The new theory suggests that some- 
thing more fundamental takes place in 
the iron, even though an electrome- 
chanical reaction also may be present. 

In a series of experiments that elimi- 
nated the conditions required for elec- 
trochemical reactions, the Westing- 
house scientists reduced the complex 
rusting of iron to its simplest atomic 
processes. Pure iron wires about as 
thick as a fine sewing thread were re- 
acted with oxygen and water vapor 
at high temperatures (835 F) under 
closely controlled, idealized conditions. 
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The results’ of the minute-scale cor- 
rosion were studied under an electron 
microscope capable of magnifying ob- 
jects up to 300,000 times. 

The scientists report that with dry 
oxygen the iron forms a_ protective 
oxide coating from which grow billions 
of tiny round oxide whiskers less than 
one-millionth of an inch in diameter 
and 30-millionths of an inch high. 
Each whisker grows from a single, 
specific growth site on the wire’s sur- 
face, similar to that of individual seeds 
that sprout from the ground into sepa- 
rate plant stems. Then the wires were 
reacted under identical conditions ex- 
cept that water vapor was substituted 
for the dry oxygen atmosphere. 

The moisture produces a startling 
change in the oxide surface. From the 
growth sites erupt thin, pointed, blade- 
shaped platelets of iron oxide that 
spread across the metal surface. Shaped 
somewhat like blades of grass, they are 
about one-millionth of an inch thick, 
30-millionths of an inch wide and 300- 
millionths of an inch high. As they 
grow in size, they spread more than 50 
times in area over the sites observed 
for dry oxygen alone, reaching a dens- 
ity of nearly one billion per square 
inch of surface area. The amount of 
iron rust they represent is 250 times 
that which forms when the water 
vapor, and the hydrogen ions it re- 
leases, are absent from the reaction. 

The experiments by the Westing- 
house scientists show that less than 
one part of water vapor in 200 parts 
of the dry oxygen atmosphere will 


Taken at _ identical magnific 
through an electron microscope at} 
Westinghouse _ research boratorie, 
these two figures demonstrate the 


of water vapor upon the rusting dg 


iron. In a dry oxygen atmos 
(left) the iron forms a protective 
coating thickly populated with th 
whiskers about 30-millionths of an 
high, each one growing from a sp 
site on the metal surface. But ing 
atmosphere of pure water 
(right), the surface erupts into 
blade-shaped oxide crystals, 
reach a density of nearly one billion 
square inch. The blades of oxide 
in size causing corrosion. 


cause the blade-shaped crystals 
form. At room temperature this wo 
correspond to a relative humidity 
about three percent. 

“We conclude that the hydrogeni 
in the water vapor enlarge the 
of chemical reaction between the @ 
gen and iron and bring about 
metal’s greatly increased corrosidlh 
Dr. Gulbransen declared. “At the 
temperatures at which iron wim 
rusts, this basic reaction is maa 
Complex corrosion products are 108 
and are not stable, and the com 
metal is often removed from thé) 
action site. Once such basic 
standing is at hand, we should be a 
to do a much better job of contra 
corrosion. Already we can identify 
control measures which must be@ 
sidered in addition to any electrod 
cal effects that are involved in) 
rusting: hydrogen must bz prevé 
from entering the metal; the g 
of the localized reaction sites mus 
inhibited by the addition of ul 
alloying elements to the iron. - 
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Pypscists at Arthur D. Little, Inc., 
ie discovered a low temperature phenomenon that may 
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TEMPERATURE ELECTRONICS 


ive Resistance Region In “‘Tunneltron’’ Extends 


‘Range Of Cryogenic Circuitry 


Cambridge, Mass. 


gh electronic micro-miniaturization into new phases of 
lity, dependability and compactness. Dr. James Nicol, 
ney Shapiro and Paul H. Smith observed an un- 
ed “switch-back-action” or negative resistance region 


m current was passed through a metal-dielectric-metal 


ich at temperatures approaching absolute zero. Ap- 


tion of this negative resistance phenomenon is ex- 


id to lead to the development of a whole new family 
iply constructed components compatible with present 
mperature electronic circuits such as cryotrons. The 
wices, called tunneltrons, may extend the range of 
mie circuitry to include low noise amplifiers, high 
mey oscillators and new types of switches and mem- 
bvices for computers. The tunneltron has extremely 
wel F Fequirements and rants operate at very high 


ie first evaporated ietnasita component to show a 
resistance, the tunneltron was made by evaporating 
uminum strip into a glass substrate, oxidizing it in 
form a thin surface layer of dielectric aluminum oxide, 


®® id then evaporating a thin cross strip of lead on top of 
‘aie aluminum oxide. 


Get stems from the ability of electrons to pierce or 


The observed negative resistance 


mnel’ through extremely thin layers about a millionth 


m inch thick of material that is normally considered 


insa ting. Observation of this tunneling current, as it 


pended on the voltagé applied across the experimental 


Ec 


idwich, revealed a region of negative resistance, pro- 
ed the two metals were maintained in a superconductive 


cryotron and tunneltron complement each other and 
are expected to play important roles in low tempera- 
e electronics. An external sufficiently-strong magnetic 


Pi lowers the temperature at which matter becomes 


‘iperconductive. This principle is used in the cryotron and 


means that can be used for controlling the tunneltron. 


Behavior of the tunneltron is similar in many ways 


1 “tthe behavior of tunnel diodes. 


in metals, 


ar energy gap exists in a superconductor. 


However, devices based 
discovery promise advantages over tunnel 
among these advantages are: the ability 

lative resistance and hence the operation of 

by applying a magnetic field; extreme ease 

of the tunneltron which offers great flexi- 
designer since the metal-dielectric-metal sand- 

8 are made by standard vacuum evaporation tech- 
Sientists have interpreted the negative resistance 
im” rms of the modern theory of superconductivity 
M@%, J. Bardeen, L. N. Cooper and J. R. Schrieffer 
nis iversity of Illinois in 1957. Among other things, 
Mery predicts that the superconductive state is as- 
«d with a change in the energy of conduction elec- 
Certain energies which are permitted to 
wnduction electrons when a metal is normal are for- 
to it when the metal becomes superconducting; that 
Previously, 


ly ‘xtremely complicated and lengthy experiments have 


p.med to explore the existence of the predicted energy 
present discovery gives a direct and very simple 

is of measuring. the gap. ADL scientists expect to 
technique to help solve remaining questions 
behavior of superconductors. eee 





“INDEX OF RELIABILITY” 
. Mean Operating Time 
Between Failures. 


Reliability and Maintainability are al- 
ways important — and most often very 
critical factors. Their definitions invar- 
iably involve ‘‘time’’. Some military 
specifications use “mean operating time 
between independent failures” as the 
index of reliability and call for the in- 
corporation of elapsed time indicators 
into the operating equipment. Replacing 
critical components before they reach 
the limit of rated life contributes greatly 
to peak operating efficiency and 
reliability. 

Waltham’s subminiature elapsed time 
indicators are being used and designed 
into both military and commercial equip- 
ment for ground support and airborne 
applications. They are small and light 
enough to go anywhere. Jewel bearings, 
precision gear trains — some with a 
reduction of 1.8 billion to 1, a new low 
inertia synchronous motor are teamed 
with over 110 years of experience to 
provide instruments reliable and ac- 
curate enough to provide precise 
“measures of reliability’. 


Waltham can provide subminiature 
elapsed time indicators in both 
digital and dial readouts — and in 
production quantities. Write for 
bulletins #5001 and #5002 or 
telephone TW 3-4000 
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DIGITAL VOLTMETERS 


Digital voltmeters are indicators which 
provide a digital read-out rather than 
a pointer indication of measured volt- 
age. Their principal advantages lie in 
the ease with which they may be read, 
their relatively high accuracy and the 
availability of a coded output which 
may be applied to printing equipment 
for permanent recording. Their prin- 
cipal disadvantages are the general 
limitations of devices based upon sam- 
pling techniques, and the relative com- 
plexity of this type of equipment in 
comparison with ordinary d’Arsonval 
type meters. Table 1 lists application 
and advantages of digital voltmeters. 

The digital voltmeter is in reality an 
analog-digital converter, sometimes re- 
ferred to as a voltage-digital encoder. 
It is distinguished from the general 
encoder by the presence of a visual 
read-out device, and by its compact 
packaging to suit applications as a volt- 
meter. Occasionally the voltmeter has 
no direct read-out and merely provides 
the digital indication through a com- 
mon piece of auxiliary equipment such 
as an electronic counter. In other in- 
stances the voltmeter function may be 
inherently contained in a complex piece 
of digital apparatus used in conjunction 
with other digital equipment, in which 
cases output devices such as tape re- 
corders or printers are employed as 
auxiliary apparatus. 

A good deal of the background 
necessary to the understanding of the 
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digital voltmeter has been covered in 
Components Digest No. 7, Part 2 of 
July 1959 which describes voltage- 
digital encoders and their operating 
principles. Particular emphasis was 
placed on accuracy in high speed sys- 
tems where significant variation occurs 
in the analog input during the sampling 
interval. In this Digest we will review 
the more important points with par- 
ticular emphasis on their application to 
digital voltmeters. 

As in Components Digest No. 7, ap- 
preciable reference has been made to 
“Notes on Analog-Digital Conversion 
Techniques”, edited by Alfred K. Suss- 
kind of the Massachusetts Institute of 
Technology. This excellent text cannot 
be recommended too highly as a well 
written presentation of the fundamental 
principles of this increasingly impor- 
tant subject. The book covers also 
analog-digital shaft position encoders. 


SAMPLING FREQUENCY 


An understanding of sampling frequen- 
cy is basic for the intelligent applica- 
tion of voltage-digital encoders. The 
Sampling Theorem provides the funda- 
mental basis for this conversion equip- 
ment. “If a signal f(t) (the input volt- 
age) is sampled at intervals of T, 
corresponding to the sampling rate 
1/T, the frequency components greater 
than x/z radians per second cannot be 
distinguished from frequencies from 0 
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Applications and Advantag¢ 
of Digital Voltmeters-Rat 
meters-Ohmmeters and | 
Scanners 


(Note: Each of the following features 
not found in all digital voltmeters). 


1. 
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. Automatic scale changing. 
. Automatic polarity indication. 
. Burnout proof operation. 

. Operate automatic data 


. Directly appliceble as compe 


. Applicable to general and spe@ 
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Output display in easily reod & 
merical form. 
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automatic test systems. 






ized measurement problem. 






































8. Serve as part of complex aut ‘ 
data logging systems. od dif 
9. Exceptionally adaptable to voltme ' 
tion of measuring instruments te 
as voltmeters and recorders, Mncan digi 
ters, etc. a } analog 
10. Adaptable to calibration of bitive ch 
tiometers, voltage dividers, and # last digi 

lar transducers. ; mpid rate 
11. Useful in analog computer work. | “heaalt in j : 
12. Ideal for amplifier, power J in Ini 
and regulator testing, terval] 
with precision equipment. ‘ The key 
tion, the 
the accu: 


to «/t radians per second. & 
way of wording the above te 
as follows: “If the signal £(t) 0 
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~ F(w) when subject to Fouries analysis, 
and if F(w) = 0 for |o| = x/T, then 
f(t) may be completely recovered 
from £° (t) where f*(t) is f(t) sam- 
on at the rate 1/T.” The statement 
3 that f(t) can be recovered from f* (t) 
FD igeans that nothing is lost by sampling 
Ps. Sampling Theorem is often para- 
a by saying “It is necessary to 
take more than two points per cycle of 
the highest significant frequency com- 
t in a signal in order to recover 

that signal.” This statement is true, 
since the critical frequency x/z has the 
iod 2T. The importance of the sam- 
pling theorem is basic if the digital 
encoder input is a fairly rapidly chang- 


ing signal. 

The Sampling Theorem is mis- 

phrased by saying in effect that it is 

to take more than two points 
per eycle of the highest frequency of 
interest in a particular application. 
This statement is wrong, since high 
# frequencies are definitely passed by low 
® frequency sampling, and the high fre- 
quency components result in false 
values of the low frequencies. If high 
frequencies are present in a function 
whose low frequencies are to be ana- 
lyzed, then either a high sampling rate 
must be used or the function must be 
filtered to cut out the high frequencies 
before the sampling operation. In gen- 
® anal, for accurate recovery of informa- 
tin in those systems where the fre- 
quency components of the input signal 
® taper off in definite fashion, sampling 
may be carried out at 5 to 10 times the 
‘highest significant frequency. 

In effect, the Sampling Theorem is of 
importance primarily in digital systems 
Where recovery of the information ori- 
finally contained in the input analog 
Signal is of importance. In digital volt- 
meter applications, the sampling rate 
‘Must be related to the accuracy of the 
iistantaneous readout with respect to a 
Maying input analog signal. Here 
taturally the sampling rate must be 
Much more rapid such that any change 
‘Dinput signal during the sampling in- 
is within the required limits of 
ce of the measurement. Ex- 

wsed differently, precision of a digi- 
llvoltmeter is to the nearest least sig- 
Micant digit when a uniformly chang- 
M6 analog input signal results in con- 
Rut nging output readings in 

last digit at each sampling. A more 
tate of change of input signal 
tS in inaccuracies during the samp- 
fing interval. 
" The key point is that regardless of 
“Me number of digits in the output in- 
tion, there is a definite upper limit 
accuracy of reading a changing 
Pt signal depending on the maxi- 
“g change in signal amplitude during 
ing interval. 















































BASIC CONVERTER TYPES 


In considering the band-width of a con- 
verter it is important to consider 
whether it is a free-running type, or a 
sampling type. In both of these types, 
with the exception of units that use 
analog measuring techniques and some 
that use voltage-to-frequency conver- 
sion methods, known increments of 
current are switched into a ladder net- 
work which sums voltage and adds to 
or subtracts current increments until 
the network output matches the input 
voltage. In the free running type the 
current switches are controlled by the 
bits in an accumulating register. A 
least count is added to or subtracted 
from the register, depending on 
whether the ladder network output is 
greater or less than the input, at equal 
intervals of time until the register 
counts to a value corresponding to the 
input voltage. The accumulator then 
oscillates within plus or minus one least 
count of the input value. The maxi- 
mum voltage change that the converter 
can follow is the voltage change pro- 
duced by the least significant digit 
divided by the clock period between 
successive additions. The dynamic re- 
sponse can be improved by sensing 
whether the comparator is out of bal- 
ance by more than one voltage incre- 
ment and when it is causing the bit to 
add in the next to least significant po- 
sition. In this way the converter fol- 
lows twice as rapid a voltage change 
but to one-half accuracy. 

A sampling type electronic converter 
starts from zero and switches succes- 
sively from the most significant bit to 
the least, each time comparing the in- 
put to the ladder output. In this way 
the converter establishes a number 
which was equal to the input voltage 
at some time during the sampling inter- 
val. The value is held until the con- 
verter is commanded to sample again. 
By making the interval short, input 
changes during sampling are small. 

A variation of this converter em- 
ploys a sample and hold circuit to 
clamp the input so that it is constant 
during conversion. The problems in- 
herent in making a fast sample and 
hold circuit are nearly as great as 
in producing a fast converter; how- 
ever, sample and hold devices can im- 
prove the accuracy of this type con- 
verter by at least a factor of 10 under 
certain operating conditions. 

Pulse width converters (a particular- 
ly important variety of the sampling 
type) first transform the analog voltage 
into a pulse width duration proportion- 
al to the analog voltage. The pulse 
duration then gates a string of pulses 
into a counter where they are counted 
to arrive at the digital value of the 
analog voltage. Even with high pulse 
rates (2 or 3 megacycles) the time re- 


quired to count to 3 decimal digit ac- 
curacy (400 microseconds) is longer 
than for other electronic analog con- 
verters. 


CONVERTER BANDWIDTH 


The highest frequency a free-running 
converter can follow is that with a 
maximum slope of one least count in 
the sampling interval. Example: If the 
bit setting time is 4 microseconds and 
the converter has a 10-bit register, the 
maximum slope would be one least 
count (2 x 10-1) divided by the time 
to set the bit (4 x 10) and this in 
turn must equal the maximum slope 
2xfnax Of the sine wave of maximum 
frequency. So _ that, F,., = 2-2°/ 
4(10-*) = 34 cycles per second/2zx 

The sampling converter must sample 
the voltage before it has changed ap- 
preciably. Sampling takes a finite 
length of time. It is the speed of con- 
version, the time required to set the 
described number of bits, that deter- 
mines the converter bandwidth and 
not the number of sampling operations 
that can be performed in a given time. 
Most converters recover very rapidly 
so that data can be sampled at a very 
high rate. 

To obtain appreciable accuracy from 
any of the samples, the input must be 
of quite low frequency content so that 
the additional samples that could be 
taken would be redundant and of little 
value. 

The above brief description and 
analysis indicates that an extraordi- 
narily high sampling rate is necessary 
to provide good accuracy in voltage-to- 
digital encoders. Bandwidths are sur- 
prisingly low, considering that conver- 
sion intervals are measured in micro- 
seconds. This subject is examined in 
considerably greater detail in Compo- 
nents Digest 7, Part II, where a more 
rigorous mathematical discussion relat- 
ing conversion rates to accuracy is pre- 
sented. For our purposes here let it be 
sufficient to be aware of these points 
when digital voltmeters are used to 
provide digital information for data 
handling as well as for visual readout. 
~ For the moment consider here the 
use of a digital voltmeter for monitor- 
ing to a high degree of accuracy a 
relatively constant de voltage. It would 
be well to assume that some filtering 
will “protect” the digital instrument 
from voltage pulses or high frequency 
transients whose effect on the output 
may be considerable, depending on 
timing, and the type of instrument be- 
ing used. 


DIGITAL VOLTMETER SELECTION 
FACTORS 


Table II remarks generally on the fac- 
tors of importance pertaining to the 
performance of analog-voltage-to-digi- 
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tal conversion equipment. Since from 
the user’s point of view the primary 
requirement is accuracy, we may profit- 
ably spend some time considering fac- 
tors affecting accuracy. 

The above discussions point up the 
importance of sampling rate with re- 
spect to accuracy where the input sig- 
nal is changing. Bernard Gordon of 
Epsco has studied this problem in 
evaluating the extremely high sam- 
pling rate of equipment manufactured 
by his company. His findings are sum- 
marized in Components Digest No. 7. 
He reenforces the previous arguments 
for high sampling rates by pointing out 
that to digitalize a 100-cycle sine wave 
to 0.05 percent peak error would re- 
quire that approximately 600,000 data 
conversions be made per second. 

Considering absolute accuracy limita- 
tions further, even under static (input 
unvarying) conditions, one part in 10,- 
000 seems to represent a practical lim- 
it for the calibration of secondary 
standard equipment. This figure takes 
into account the use of precision com- 
ponents throughout, and allowance for 


their original inaccuracies, the effects of 
aging and the temperature variation. 
Solid state components such as diodes 
and transistors exhibit definite changes 
in characteristics over long periods of 
time. Zener diode references may ex- 
hibit changes of as much as 0.03%/oF 
temperature change. 

There are two fundamental sources 
of error related to the generation of the 
internal voltages used for comparison. 
The voltages generated are fractions of 
some full scale value and both the frac- 
tions and the full scale value itself are 
subject to error. Errors in the full scale 
value result in progressively smaller 
errors for each of the fractional values 
of full scale. Errors in the individual 
fractions are uniformly distributed. 
These two sources of error may be 
cumulative. 

A last source of inaccuracy may be 
described as zero shift or offset. Mathe- 
matically this is equivalent to an ad- 
dition (or subtraction) of a constant 
value to all readings taken. 

While absolute accuracy as refer- 
enced to the International volt may not 
be a prime requirement, it must be 
recognized that even relative accuracy 
may change with time and temperature 
and must be rechecked from time to 
time if accuracy is to be maintained. 





Form of analog data—Dc voltage, or ac 
voltage using an additional ac-de con- 
verter. 


Range of analog data—Limits between which 
the analog signal may vary. 


Digital code—Decimal, straight binary, cyclic 
binary, and the 8421 code most frequent- 
ly used. Decimal code most desirable for 
data display. The 8421 code is next most 
desirable for data display. Straight bi- 
nary code is most suitable as digital com- 
puter input. 


Number of bits—Precision of conversion 
equipment is largely determined by the 
number of bits (binary digits) generated 
or used, 


Quantization Error—The most precise meas- 
urement that can be made corresponds to 
the least significant bit. Error in measure- 
ment due to this limited precision is fre- 
quently referred to as quantization error. 


Accuracy—Refers to the correctness of meas- 
urements rather than to their precision. 
Since some equipment has a tendency to 
drift, it is often important to speak of 
accuracy over a given period of time 
without adjustment or calibration, 


Holding characteristics—Holds the input sig- 
nal constant during the time conversion 
interval. Requirements for holding and the 
manner in which it may be accomplished 
are referred to as the holding character- 
istics of an encoder. 





TABLE Il 


Characteristics of Conversion Equipment 


Number of channels—It may be possible to 
time share various portions of the con- 
verter with a number of inputs or outputs. 
This process is referred to as multiplexing. 


Conversion time—Time record to complete 
one encoding process. 


Conversion rate—Number of conversions 
which may be accomplished during a unit 
interval of time. The conversion rate may 
depend upon certain characteristics, such 
as the magnitude of the analog input 
signal. 


Total value vs. incremental methods—Some 
types of conversion equipment generate 
a complete new value at each conversion, 
while other types change their output only 
in small incremental steps. 


Feedback and nonfeedback methods—Some 
types of analog-digital conversion equip- 
ment conduct the actual conversion on the 
output signal rather than on the input. 
The data obtained in this fashion are 
compared with the input, and an error 
signal is developed which readjusts the 
output to reduce itself to zero. Nonfeed- 
back methods do not involve comparison. 


Direct and indirect conversion—Indirect con- 
version implies that analog data are con- 
verted to another analog form before use. 
In digital voltmeters the analog voltmeter 
is frequently converted to a frequency, or 
a time interval. 
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APPLICATION NOTES 


Digital measuring instruments have 
extremely good resolution. Noisy input 
signals should therefore be filtered to 
gbtain a more stable numerical display. 
Filters of course will slow down the 
measuring process, since they have a 
definite time constant. Thomas Nowa- 
linski, Chief Applications Engineer at 
Non-Linear Systems, points out that 
noisy signals can be filtered in multi- 
channel data logging systems without 
decreasing overall speed by permanent- 
ly connecting a filter to each input 
channel. Then, while the digital volt- 
meter is measuring one channel, the 
other channels will be charging their 
filters. The relatively high input im- 

ce of dvms simplifies filter design 
by reducing filter voltage drop. Nowa- 
linski says that there is no such thing 
as a universal filter, but that a simple 
LC low-pass filter with a miniature 50 
henry choke and a 1 mf capacitor 
comes close to being generally ap- 
plicable. 

Nowalinski also points out that, in 
most cases, the metal cabinet of a dvm 
should be grounded to obtain full ac- 
cacy and resolution. In some loca- 
tions electrical conduit grounding is 
satisfactory; in others, a good earth 
ground may be needed. In summary 
he says that the need for filtering, 
shielding and grounding increases as 
the source impedance increases. 


Above Ground Operation. In design- 
ing a bridge circuit to be connected 
toa dvm, Nowalinski says that highest 
accuracy of indication can be assured 
by using a well-isolated bridge excita- 
tion supply and grounding one of the 

ge output terminals, instead of 
grounding one side of the supply. He 
points out that a floating input provi- 
sion helps in measuring above-gréund 
potentials. In most dvms, the signal 
ground can be easily disconnected 
ftom the chassis to provide a floating 
input connection. This type of ground 
olation avoids ground loops by per- 
mitting a common point other than the 

chassis to be ground. It also per- 
mits fully accurate above-ground meas- 
ements where the source impedance 
{0 ground is low. Nowalinski also points 
out that in dvm applications with float- 
ii input connections, a capacitor con- 
lected between dvm signal ground and 


assis ground almost always reduces 
hoise effects. 


COMMERCIAL EQUIPMENT 


Perhaps the best way to illustrate the 
Mineiples described above and to point 
"Wp the practical importance of the 
ih selection factors is to review 

acteristics of specific commer- 
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pee ong eeais 
A i i % . . 
Tamed ene Metallized Mylar* has outstanding advantages which are ex- 
PFN tremely desirable. They include self-healing characteristics 
which greatly extend the useful life of the capacitors. Elimi- 
nation of the weak dielectric arcas make full use of the high- 
est volts per-mil rating of the film. This produces capacitors 
which are extremely small, but have longer life, greater reliabil- 
ity with economy. Temperature range, for operating and stor- 
age minus 90° c to 125° c; capacitance tolerances are 1%, 2%/o, 
5%, 10%, 20%; low dielectric — = oe are 
i just a few advantages. For complete literature with curves, com. 
Pm nla ata Raogay plete listings, technical information and illustrations, write today, 
i filt *Dupont Polyester Film 
te Nag dhe oBingyr Abe Available in two case styles: —bathtub (TYPE AB) 
—Metal clad miniature (tubular—TYPE AM) 


Write for full details and illustrated literature. 


Plastic Capacitors, »- 


2620 N. Clybourn Chicago 14, Ilinoi Di 8-3735 


Energy Storage 
Oscillator Circuits 
Power Supply Filter 
Power factor corre tion 
Arc and Spark 
Suppression 
Integrating Circuits 





Radio Frequency Coupling 
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SWITCHING 
CIRCUITS 


We are building airborne 
and air transportable tac- 
tical data systems and 
computer and control 





systems. Among the sev- 
eral positions created by 
this work are those for the 
design of central com- 
puter and digital display 
circuits, using core stor- 
age, drum storage, and 
semi-conductors.Write 
Mr. S. L. Hirsch. 





LITTON SYSTEMS, INC. Tactical Systems Laboratory 
Canoga Park, California 
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Bourns Trimpot® carbon-film potentiome ae now offer yot p to 150°C—with res of ordinary ialize excl 
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AL DESIGN 


sal devices produced by the follow- 
ing prominent manufacturers. 
Linear Systems, Inc. who spec- 
iglize exclusively in digital voltmeters 

ince a rather complete line. We 
will consider some of their products 
in detail. Their instruments operate by 
comparing the input voltage with an 
intemally generated balancing voltage. 
Their operation depends upon a variety 
of circuit mechanisms: 

(1) All electronic type 

(2) Mercury-wetted contact relay 

type 

(3) Stepping switch type 
These instruments operate on the so- 
called successive approximation method 
in which a precision reference voltage 
divided into a number of precise in- 
cements by a voltage divider using 
easion wire wound resistors which 
are switched in and out of the meas- 
uring, circuits. Starting with the left- 
most decade (the most significant dig- 
it), the instrument’s programming cir- 

$ sequentially switch each voltage 

t into the measuring circuit 
the voltage increments are 


ied). 
Anyincrement which produces a com- 
parson voltage larger than the un- 
nown input is discarded. The pro- 
gamming circuits operate until each 
age increment has been tried, at 
itime the instrument is ready for 
adout or print-out. 
These instruments provide 4 or 5 
ad-out digits with decimal point and 
polarity sign. Both decimal and binary 
cided outputs are provided. Sampling 
mile depends on the basic type—200 
teadings per second for the all elec- 
tone type, 3 compléte readings per 
tond for the relay type, and 2.3 sec- 
Siaximum per reading for the five 
spping switch type. For all 
ypes, the only step needed to 
p the instrument is to period- 
ery 30 to 90 days) check the 


i n reference voltage and adjust 


Breterence voltage is adjusted by 


external standard cells 
muim-mercury Weston cells) to 
Biument, and turning a control 
binside the instrument until the 
reads the correct number. 
Mtrument’s precision reference 
Fis furnished by Zener diodes 
@ to +0.001%/C which are 
ed in a constant temperature 
pable to +1/2°C. After many 
wf experience with many types 
esion reference supplies for dig- 
suments, NLS has standard- 
pon the Zener diode type refer- 
euse its extreme simplicity 
_ ereater reliability, yet the in- 
ment s at is not in any way 
» Accuracy in all cases is 

“001% of full scale on each range. 
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A major design feature of the elec- 
tronic units is the extreme stability of 
the electronic switches used in the 
potentiometric circuits. These switches 
are so stable that trim pots are not 
required to correct for initial and/or 
eventual imperfections in the switch- 
ing circuits. 

The mercury wetted type instrument 
depends upon switching by relay con- 
tacts rather than by electronic switches. 
The mercury wetted contact is said to 
have a life expectancy of 57 years op- 
erating continuously at the instrument's 
highest speed. Programming and logic 
circuits are transistorized. The mercury 
relays are used to furnish maximum 
precision in stability and reliability in 
the poteniometric circuits. The mer- 
cury relays do, however, result in a 
slower measuring speed than is ob- 
tainable in all-electronic instruments. 
Semiconductors are used in the logic 
and programming circuits since they 
do not require switches with such low 
forward-to-back resistance ratio as do 
the potentiometric circuits. 

The stepping switch type of balance 
circuit features novel design charact- 
eristics. The stepping switches are 
mounted in oil filled interchangeable 
plugin container. The oil bath elim- 
inates the need for disassembling the 
instrument periodically for lubrication 
and it also extends stepping switch life 


by providing continuous lubrication 
to keep friction loads at an absolute 
minimum throughout the life of the 
switch. The plug-in interchangeable 
feature is also valuable in trouble- 
shooting and maintenance. NLS claims 
these meters are the only stepping 
switch instruments that use successive 
trials logic in which each digit is com- 
puted in a programmed procedure start- 
ing with the left-most decade and prog- 
ressing to the right-most decade. Inter- 
locking circuitry prevents any digit 
from moving once it has been com- 
puted, and results in each reading be- 
ing meaningful, even if the input volt- 
age is varying during the measuring 
cycle; for example, if the voltage is 
varying from 3.1962 to 3.2015 during 
the measuring cycle, the reading dis- 
played will be some number between 
those two values. Other stepping 
switch instruments will hunt and pro- 
duce almost any material value if the 
voltage is varying during the measur- 
ing cycle. The only way to prevent oth- 
er instruments from hunting is reduce 
their sensitivity in accordance with the 
amount of signal variation or signal 
noise present during each measuring 
cycle, a procedure which is at least in- 
convenient in automatic systems. The 
“no needless nines” logic also meas- 
ures in the shortest balancing time 
possible, (balancing time is only 1/3 
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This brand-new series of ACROSTAT 
second harmonic magnetic null pre-am- 
plifiers give gains up to 1,000,000 Zm, 
with null balances to one micro-micro- 
watt, DC. One microampere of DC con- 
trol gives one volt of DC output. Oper- 
ates from 115 volts + 10%. Ideal for 
thermocouples, strain gauges, null de- 
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QUIET 
PLEASE! 


Electrons faithfully obey this command in their movements between 
brush and ring in Electro-Tec slip-ring assemblies. Materials are so 
carefully selected, precious metals so accurately deposited and 
machined, and design so skillfully integrated, ETC slip-ring assem- 
blies transfer electrons in hushed electrical silence. 
you have an electrical noise problem in radar, fire-control, in- 
tial platforms or any other type of moving equipment? Learn how 
the electrical silence of an ETC slip ring can add accuracy and relia- 
to your system. 


Write today for the new ETC brochure on large slip-ring assemblies. 


| ELECTRO-TEC CORP. 


3ilacksburg, Va ‘Ol daslelalc Mm o1-t-loame at-| 
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as long as that of other stepping swite 
voltmeters). Therefore, the steppi 
switches in these instruments Will lag 
far longer than they would in mop 
conventional circuitry. 

According to NLS, stepping swit) 
instruments which use a “tracking” 
type logic that causes the instrumenty 
continuously track any change in inpy 
voltage have the disadvantage that th 
balancing logic progresses from right 
to jieft rather than from left to Tight 
thus, if the voltage changes from 3.1) 
to 3.282, the two _ right-most digit 
must both increase to a value of 9h. 
fore the 1 can change to a 2, then, th 
two right-most digits must cy 
through 0 to 9 again several ting 
before the reading 3.282 can be ob 
tained. This type of logic results i 
needless wear on the stepping switch 
and it increases measuring time, 4 
well as causing a very serious problen 
in automatic data logging system 
where some signals may be very om 
stant and require accurate measure 
ment, and other signals may be varying 
during the measuring cycle. 

NLS stepping switch voltmeters mw 
transistorized logic which means om} 
1/2 as many decks on each stepping 
switch, with a consequent increase it 
stepping switch life brought on by: 
decrease in stepping switch frictio 
and inertia load. 

NLS offers a low cost dry stepping 
switch digital voltmeter for industtid 
applications. In these units switching 
of the precision resistors in the pote 
tiometric circuits and also the loge 
operations are performed by steppitt 
switches. Being dry, the  stepoitt 
switches must be periodically lubt 
cated. They utilize the more conve 
tional “tracking” digital logic whichs 
explained above, causes the instrumét 
to hunt whenever the input voli 
varies, preventing the instrument fitt 
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reaching a balanced condition ui 
the instrument’s comparison ampli 
gain is sufficiently decreased 90 
the instrument cannot detect thet 
mount of variation that is occuttilé 
The gain is easily adjusted when st 
instruments are used for visual 1% 
ing purposes, but this form of log 
does present a problem whenever 
instruments are used in automatic@ 
logging or automatic testing 
The manufacturer states that 0 
are the lowest price full four® 
stepping switch digital  voltm® 
available anywhere, their low comm 
ing due to high volume productiot 
use of a thoroughly proven, @ 
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b EXT. TRIGGER 


fig 1 Basic circuit arrangement of Hewlett Packard voltmeter. Use of ramp- 
type design offers significant advantages for general-purpose instrument. 


produce design. 

AC measurements can be made with 
,de voltmeter by use of NLS convert- 
as in which semiconductor diodes con- 
vet the unknown ac input to pulsating 
ie, which is filtered to obtain a pure 
dc voltage proportional to the average 
value of the ac wave form. A high gain 
feedback linearizes and stabilizes the 
rectification characteristics of the di- 
gies. In other models, an internal pre- 
tise de voltage is compared with the 
wknown ac voltage which is passed 
hough a square law detector to give 
ime ms values. In a unit which basic- 
ily senses average value in an appli- 
ation requiring true rms_ readings, 
waveform distortion will cause appar- 
ait errors in the measured data. The 
amor is a function of the form factor 
tlting true rms and average values 
fr the particular waveform being 
measured, A true rms unit, on the other 
land, gives an apparent error if the 
pplication demands average value 
teadings, The choice should be based 
pon the type of device being eval- 

A true rms ac voltmeter should 
bused where the device being eval- 
tuted is basically sensitive to the rms 
value, and where sine wave distortion 
great enough to make aa significant 

i between the true rms value 
itd the value read by an average sen- 
ithe ac digital voltmeter. 

Frequency range is 30 cps to 10 ke 
at 0.18 accuracy, although higher fre- 
Wencies can be read with reduced 
Mcuracy 


Non Linear Systems, Inc. predicts 
, the future: As in almost all elec- 
tronic mstruments, reliability, ease of 


“vice, versatility and cost will be im- 


no matter how advanced the 
ol the art”. Improvements now 
mt study include simplified high 
=~ instruments, faster ac instru- 
more versatile control provisions, 


messing range, additional in- 


output accessories, low cost 





i 
de 
pa 





instruments with the plug-in features 
of higher cost instruments, instruments 
that operate under stringent environ- 
mental conditions. 


Hewlett-Packard describes a digital 
de voltmeter that measures positive 
or negative dc voltages within the 
range from 1 millivolt to 999 volts 
and displays the measured value, in- 
cluding polarity and decimal point, 
in large illuminated digits. The instru- 
ment permits automatic logging of 
measurements, since it is designed to 
directly drive a high-speed digital re- 
corder to produce printed records of 
measurements. Functional coding, pol- 
arity and decimal location can all be 
included in the printed record. 

Electrically, the new voltmeter has 
a calibration accuracy of +0.2%. It 
has a high input impedance of 11 meg- 
ohms, and its input circuit is floating 
so that it can measure voltage sources 
that are up to +500 volts off ground. 
Overload protection is also provided. 
Hum rejection is 50 db or more with 
the result that hum peaks as large as 
1/3 of the de in a circuit being meas- 
ured cause an effect of only +1 count 
in the least place of the readout. The 
instrument includes a self-check fea- 
ture such that accuracy can be tested 
at any time by pushing a panel switch. 
The instrument has a sampling rate ad- 
justable from 5 measurements per sec- 
ond to 1 per 5 seconds, externally 
electrically or manually controllable. 
Design Approach. The new voltmeter 
uses the circuit shown in Fig 1 in which 
an accurate, linearly-rising voltage 
ramp is generated and compared with 
the attenuated de to be measured. Co- 
incident with the start of the ramp, a 
gate on a clock oscillator is opened and 
kept open for the time interval needed 
for the ramp to become equal to the 
voltage being measured, at which mo- 
ment the gate is closed. During this 
interval the number of clock pulses 





that have been gated out are counted 
by an electronic counter circuit. By 
suitably relating the slope of the ramp 
to the clock frequency (the time need- 
ed for the ramp to increase 1 voltage 
unit is made equal to 1 oscillator cycle 
period), the counter display is made 
to equal the measured voltage. Suitable 
sensing circuitry in the counter causes 
the input attenuator to be switched 
automatically to the optimum position 
and also automatically positions the 
decimal point in the counter display. 
The display system itself consists of 
l-inch nixie tubes, giving a large, 
bright, easily-read display using indus- 
try-standard components. 

After the external voltage has been 

measured the circuit continues auto- 
matically to re-measure the external 
voltage at a repetition rate determined 
by the setting of a panel control, The 
operator, however, continues to see an 
uninterrupted display which changes 
only when the measured voltage 
changes. The measuring cycle takes 
200 milliseconds so that up to 5 repet- 
itive measurements per second can be 
made, except that on the initial meas- 
urement, where it is possible that the 
circuit may have to scan all its ranges 
to find the optimum, the measurement 
can require up to 2 seconds. Successive 
readings of the same voltage can then 
occur at 5 per second. 
Ramp Design Considerations. For a 
general-purpose type of dc voltmeter, 
the ramp type circuit outlined above 
offers a number of advantages. For 
one thing it results in an economical 
design commensurate with the char- 
acter of a general-purpose instrument. 
At the same time it gives a perform- 
ance that is about an order of magni- 
tude higher in nearly all respects than 
that of the conventional vacuum-tube 
de voltmeter. Accuracy, for example, 
is 0.2% as compared with a maximum 
of 2% for a conventional instrument, 
while resolution is 0.1% compared 
with 1% of full scale for an instru- 
ment using a D’Arsonval type display. 
This higher performance, of course, is 
combined with automatic operation, 
a digital display, and the potential for 
automatic data logging. 

From the standpoint of possible 
automatic-type circuits, too, the ramp 
circuit offers advantages for general- 
purpose work. To the user one of the 
most apparent is that the ramp-type 
instrument always produces a measure- 
ment for voltages within its range. 
Where a slightly unstable voltage is 
being measured, for example, the ramp- 
type circuit measures the voltage at a 
discrete point in time and displays the 
value measured. Subsequent measure- 
ments will then show the amount of 
instability present in the voltage. Con- 
tinuous-comparison type arrangements, 
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Holtzer-Cabot Solves Fractional H.P. Motor Problems 








12 MONTHS 











CONTINUOUS OPERATION 





at ambients up to 176 F. 


A leading instrument manufacturer*, had the problem 
of continual motor failures after 2 to 3 months service 
in an instrument which required a minimum of one year’s 
continuous duty in maintained ambients up to 80°C. 
(176° F.) 

The thermostated, infra-red instrument in which the 
motor was to be used, required a 24-hour stabilizing 
period, dictating that no maintenance be performed. 

To solve this problem, engineers from both the instru- 
ment company and from Holtzer-Cabot cooperated in the 
development of a motor with increased radiation area, 
plus reduced power input. This resulted in a motor tem- 


























perature rise of only 20°C. as compared with 35° C. in the 
motors formerly used. 

To provide positive lubrication, grease reservoirs were 
provided outside the bearing and a long-life stable grease 
suitable for high temperature was selected. 





The result was a motor which has now been in success- 
ful operation for over 12 months without any motor 
failure or trace of bearing wear. 

* Name on request 

Write for Information! Holtzer-Cabot specializes in the design 
and manufacture of fractional horsepower motors for 
all types of applications. For complete details on Holtzer- 
Cabot motors for specific applications, and a copy of 
“Key Factors in Selecting AC Motors for Instrument 
Service” write direct or use Readers Service Card. 



















HOLTZER-CABOT 


MOTOR DIVISION 


National Pneumatic Co., Inc., Boston 19, Mass. 
CIRCLE NO. 49 ON INQUIRY CARD 















COMPONENTS 


on the other hand, frequently tend » 
be confused by an unstable Voltage 
with the result that such circuits ¢gp, 
tinuously hunt without producing ; 
reading. 

Finally, reliability —_ consideratiogs 
favor the ramp-type circuit singe } 
minimizes the use of mechaniql 
switching or other mechanical deyicgs 
In this respect the ramp-type circ 
possesses the advantage that switching 
mechanisms are not used in the norm 
measurement, being required only for 
range-changing purposes. 
Accuracy. In addition to other factors, 
one of the advantages of the Hewlet. 
Packard voltmeter is that its accuracy 
(+0.2% +1 count) applies to th 
reading displayed, rather than to the 
full scale value of the range on which 
the measurement is obtained, ag in 
conventional instruments. 

As may be expected from a 0.2% 
curacy rating, the chief uncertainty i 
introduced by the high-impedang 
attenuator at the voltmeter input. The 
attenuator used has an accuracy rating 
of 0.1%, which constitutes 50% of the 
overall measurement tolerance. 

The second main component of 
measurement tolerance is concemed 
with the internal voltage ramp. Ideally, 
the ramp should be linear, but practicd 
methods for generating ramps result ii 
some non-linearity (within 0.05% d 
an ideal rise at all points—Fig 2). 





Dymec, a Division of Hewlett-Pack 
ard Co. manufactures a digital volt 
meter which is essentially a voltage t 
frequency converter. This device tt 
gether with a counter forms an ave 
age-reading digital voltmeter. Th 
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Fig 2 Diagram illustrating nature @ 
non-linearity of internal ramp voltag? 
used for comparison purposes 
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Original Bowmar concepts in servo design and packaging 
are playing an important role in space navigation to make 
way-side” landmarks out of celestial bodies. 


Achievement of these objectives becomes more evident 
as the nation’s leaders in space and flight control systems 
increasingly utilize Bowmar’s collateral engineering skills, 
production facilities, and servo packaging hardware. 


With strong accents on reliability, Bowmar has step by 
step improved the state of the art in precision control, 
guidance, computation, and communications packages 
while contributing to extraordinary reductions in system 
Weights and sizes. 


Bowmar skills have been demonstrated repeatedly in sys- 
lems for many of the nation’s most important aircraft, 
missile, and rocket programs. This has been achieved by 


FOR SYSTEMS OF NAVIGATION, GUIDANCE, TRACKING, 
COMMUNICATION, DETECTION, RANGING, COMPUTATION 


INSTRUMENT CORPORATION 













































































Bowmar’s knowledgeable grouping or packaging of com- 
ponents into complete functional assemblies, ready to 
perform system thinking processes. 


These engineering skills and expanding facilities are 
readily available to help reduce system weight and size 
while improving reliability. 

Bowmar’s technical and administrative staffs welcome the 
opportunity to demonstrate how these skills may be ap- 
plied to your precision control, guidance or computation 
systems. Your specific inquiries are invited and will receive 
prompt replies. 


Write for Newest Handbook and Name of 
Nearest Bowmar Representative 
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8000 BLUFFTON ROAD ° 
PRECISION ELECTROMECHANICAL CONTROLS AND INSTRUMENTATION, 
SERVOMECHANISMS, PRECISION MINIATURE GEARHEADS, 


FORT WAYNE, INDIANA 


NAVIGATIONAL COUNTERS, INDICATING DEVICES 


CIRCLE NO. 50 ON 


INQUIRY CARD 

















are you 
engineering 


traditionally 
or 
economically? 


Guardian Series 610 A.C.-615 D.C. 


GUARDIAN 


has the answer for you... 


thousands of products—computers, business 
machines, instruments and automated units 
traditionally employ high priced telephone type 
relays. Meanwhile, other thousands enjoy long 
life and dependable performance from the mill- 
ions of operations delivered by Guardian Series 
610 A.C.— 615 D.C. relay and versions shown here. 
Actually, these economically priced, clapper type 
relays, originated by Guardian more than 

28 years ago, are preferred by experienced 
aa designers who had previously specified twin 
Series 500 A.C.-505 D.C. contact telephone type relays. Accept our offer 
for a free sample relay to test and prove 
in your own electronic equipment. 





Series 600 A.C.-605 D.C. 


a 


Each of these Guardian 
Relays features 
interchangeable coils 
and contact assemblies 
for innumerable 
variations either 

open, enclosed, or sealed. 





Series 210 A.C.-215 D.C. 





Series 100 A.C.-105 D.C. 


Crile for sample, complete specifications and operating data. 


GUARDIAN W ELECTRIC 


MANUFACTURING COMPANY 
1562-P W. CARROLL AVENUE, CHICAGO 7, ILLINOIS 


“Everything Under Control’ 
CIRCLE NO. 51 ON INQUIRY CARD 
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DIGEST 


displayed count is the time integral of 
| the input voltage over the gate time 


of the counter. The average value of 
a varying or pulsating voltage can be 
measured and the effects of ripple o 
noise on the input voltage is averaged 
out. With daily calibration and balane. 
ing, accuracies to 0.04% are obtained, 


Quite a different approach to digital 
voltmeter design is described by B & 
H Instrument Co., Inc. Their unit js 
a continuous null-balance  slide-wire 
potentiometer driven by a sevomechap. 
ism. Its relative simplicity has resulted 
in a compact easily portable design, 

A 144 inch tape carrying the slide. 
wire embedded in its edge is mounted 
on two spools as is motion picture film, 
During automated electronic calibra 
tion the tape is perforated according 
to code markings contained on a mast- 
er tape 60 feet long, against which the 
tape being calibrated is compared in 
a servo bridge network. The calibra 
tion procedure varies the center to 
center distance between adjacent holes 
which permits the tape to lag or lead 
the nominal peripheral travel of a te 
pered tooth driving sprocket. The ser 
vo driven sprocket transports the tape 
between the two spools. Digital indi- 
cation is accomplished by gearing an 
in-line counter to the sprocket wheel 
drive shaft. 

Accuracy is 0.1% in normal ambient 
temperatures. Calibration is better than 
0.05% and resolution better than 0.0%. 
Full scale travel is accomplished in 8 
seconds, This digital-readout voltmeter 
meets military specifications for vibte 
tion, radio noise, altitude and shock 
Temperature range is —55 to +700 

B. & H. Instrument Co., Inc. has ap 
plied this slide-wire principle to @ 
whole line of measuring instrument 
for measuring frequency, rpm, tel 


perature, weight, and other variables. 


An analog servo balanced digital uit 
is also maketed by Physical Scienct 
Corp., an affiliate of Packard-Bell Ele 
tronics. Fig. 3 shows the block diagtal 
of the design. Table III summamz® 
the specifications. Note particularly te 
sensitivity of this instrument desi 
to measure very small voltages ? 
high degree of accuracy. 


Systron Corporation offers a voltage 
to time converter which may be 
with an electronic counter as 4 high 
speed digital voltmeter, The Mode 
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Fig 3 Block diagram of servo balanced digital voltmeter by Physical Sciences 


Corporation. 





Input: Bonded or unbonded full bridges, 
thermocouples, Resistance temperature ther- 
mometers, low level de voltages, and poten- 
tiometers. 


Input Impedance: Operates on _null-balanc- 
ing principal; impedance is essentially in- 
finite in balance condition. 


Output: Servo positioned digital indicator. 

One thousand (1000) counts for full scale. 

Wigitizer system available for automatic 
recording). 


Minimum Common Mode Rejection: 180 db 

at de, 140 db at 60 cps with input guard 

teturned to common mode source and an un- 
, of up to six hundred (600) ohms in 

series with either input lead. Rejection ratio 

normally is adequate to operate with par- 

tially transducer in average service. 

Millivolt Ranges: +1, +10 and +100. 

Ratio Range: 100%. 

Accuracy: +0.1% on alll ranges. 


Resolution: 1 my full scale—1 microvolt 
10 mv full scale—10 microvolts 
100 mv full scale—100 microvolts 
Ratio —0.1% 

sd Selection permits up scale reading 
Positive or negative input signals. 





a 


TABLE Ill 


Detailed Specifications on Unit by Physical Sciences Corp. 


Response: In standard models, all ranges ex- 
cept one (1) mv, eight (8) seconds for zero 
to one thousand (1000) counts. Response 
time to four (4) seconds available). 


Zero Drift: 
Short Term: Less than +0.1% on any 
range for an eight (8) hour period. 
Long Term: +2 microvolts in a twenty- 
four (24) hour period. 


Calibration: An internal Eppley Standard 
Cell is provided for standardization of slide 
wire voltage. 


Compensation Voltage Balance: When used 
as a portable secondary standard of voltage 
measurement, 0.1% accuracy of the ab- 
solute full scale value can be maintained by 
referring to a precision laboratory standard 
of voltage, such as Ko or Kg Leeds and 
Northrup Potentiometers. 


Power: Requires 105-125 volts, 60 cycles. 


Transducer Power: A 0.1% _ regulated 
power supply to furnish one to ten volts de 
is self contained. 
Size: Portable—10¥2” x 10” x 16%” 

Rack Mount—12” x 19” x 14” 


Weight: Thirty-five (35) pounds. 
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1230 accepts de voltage inputs in the 
range from +3 microvolts to +1000 
volts and provides an output of 2 
pulses separated in time directly in 
proportion to the input dc voltage. This 
system not only has digital voltmeter 
accuracy, but can make frequency, 
time period, ratio, and phase measure- 
ments as well, in each case using the 
same basic counting equipment. 

In the operation of this equipment, 
the input voltage passes through a 
chopper stabilized amplifier to achieve 
a fixed sensitivity. A pair of summing 
resistors add the amplifier output to a 
+ reference ramp voltage which in- 
creases linearity with respect to time. 
The sum is applied to a diode discrimi- 
nator which puts out an S curved 
waveform with the inflection in the S 
occurring at the instant the two volt- 
ages are equal and opposite. A second 
derivative amplifier puts out a wave- 
form which crosses the zero axis going 
positive at this inflection, triggering a 
blocking oscillator when the ramp is 
equal and opposite to the de input. A 
second identical channel compares the 
ramp voltage with ground, giving an 
output from the blocking oscillator at 
the instant the ramp passes through 
zero. The resulting two pulses are 
separated by a time proportional to the 
input voltage and the sign of the volt- 
age is indicated by the order of the 
pulses. A gate opens for this time in- 
terval passing a crystal controlled fre- 
quency to beam-switching-tube dec- 
ades. The decades then register the 
input voltage directly in volts and milli- 
volts. The decades are reset to zero 
before the following voltage sweep re- 
peats the cycle. 


Systron provides the complete digital 
voltmeter including visual readout 
based upon the above principles. 

The dc unit is a 4-digit, all-electronic 
digital voltmeter with a resolution of 
+.0001 volts (+3 microvolts with spe- 
cial option) and sampling rates to 25 
per second even with continuously 
changing input signals, delivering an 
accuracy of +0.05%. A crystal con- 
trolled 1 megacycle frequency is count- 
ed on four 50,000-hr rated-life beam- 
switching decades for the precise time 
interval proportional to the positive or 
negative input voltage. (10,000 counts 
equals 10 milliseconds equals full scale 
voltage.) Superior linearity in the 


ramp, negligible zero and slope drift 


and 1 microsecond resolution in the 
pulse generating discriminators are se- 
cured in this time modulation system 
through the use of advanced tech- 
niques. 

For ac measurements the Systron 
Model 1240 provides a precision dec 
output directly proportional to the true 
rms of an applied ac voltage regardless 
of the waveform of the input. Labora- 
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CHOPPER 
UNKNOWN 
VOLTAGE PRECISION PRECISION CALIBRATION MERCURY 
—_——S —_—— a 
DIVIDER ? POTENTIOMETER NETWORK REFERENCE 
CELL 
' 
' 
i 
1 
SERVO 
AMPLIFIER = ""§—poroe ~—— a 
DIGITAL 
INDICATOR 


A precision resistor division of the unknown volt- 
age is compared by means of a chopper with o 
precision potentiometer division of the calibrated 
output of a reference mercury cell. The amplified 
60-cycle voltage difference is applied to the servo 
motor, which drives the precision potentiometer 
and the digital indicator. When the two voltages 
balance, the unknown voltage is read directly cn 
the digital indicator. 


OPERATING PRINCIPLES 


Fig 4 Digital voltmeter operating principles. Courtesy Hycon Molectronics. 
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Fig 5 Block diagram of Adage digital voltmeter. 
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Fig 7 Waveforms in conversion circuit. 


tory standard accuracy readings gp 
achieved without the usual sluggish 
response, excessive signal current load. 
ing, and non-linear scales which ap 
common with most heat type detect 
and dynamometer type rms meters, 
The rms to de converter is useful fy 
production testing and developmen, 
work because of its long-term stability, 


high accuracy, and simplicity of oop, & 


trols. Full scale ranges of 0.1, 0.3, ] 
3, 10, 30, 100 and 300 are selected by 
one control providing an output of 
either 10 or 3 volts de full scale, Othe 
controls include a full scale and Joy 
range adjustment for setting to an ah. 
solute value from an external standard 
The de output has a low impedang 
for driving a meter, analog recorde. 
data processing system, or can be com. 
bined with a de digital voltmeter to Op. 
erate as a precision ac digital voltmeter 


Hycon Electronics Incorporated, pe. 
cently purchased by Molectronics, of 
fers a digital voltmeter based upon th 
servomechanism balancing _ principle 
Fig. 4 describes the basic operation in 
block diagram form. 

In measuring dc voltages, the tes 
voltages are attenuated by precision 
voltage-divider circuits, so that fal 
scale input voltages for each range of 
measurement cause a maximum of ap 
proximately one volt to be applied t 
one side of a chopper comparator cit 
cuit. AC voltages are attenuated byt 
frequency-compensated _ divider 
work, then rectified and filtered 
being applied to the comparator: 









precision potentiometer applies a 
tion of the potential from a m 
reference cell to the other side of 
chopper comparator. a 

The chopper compares the test 
age with the potentiometer voltagem 
a 60-cps rate. Therefore, the com 
tor output is a 60-cps voltage witha 
amplitude which depends on the 
ference between the test and 
tiometer voltages. If the two v 
are equal in value, the output of 
comparator is zero, 

The 60-cps output of the choppt 
comparator is amplified and used # 
energize the control winding of a se 
motor. The servo motor drives thre 
cylindrical dials through a reduetit 
gear system and also drives the am 
the precision potentiometer. 

The potentiometer arm is normally 
the position which places it at 
potential with the servo motor at 
and the indicating dials at 000. Whe 
a test voltage is applied to the mm 
ment, the servo motor tends to# 
the potentiometer arm either cloe 
or counter-clockwise, depending ¢ 
polarity of the input signal and ti 
sition of the input selector switch. © 

If the polarity of the input 
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S ate joes not agree with that indicated by the voltage input to the comparator to 
Iggish ihe input selector switch, the servo provide electrical overload protection. 
load. notor tends to turn the indicating dials Resistance measurements are made 
h are ds, Mechanical and electrical by means of a Wheatstone bridge cir- 
rectors dops prevent the dials from moving far cuit. Voltage for these measurements 
Tr - to damage the mechanism. If is supplied by two mercury cells in 


ful for the polarity of the input signal agrees series. The motor-driver potentiometer 
Pment § ih that of the input selector, the mo- is made a part of the bridge circuit so 
ability, ior rotates the indicating dials and the that the bridge is made to balance as 
f con § gecision potentiometer in the proper the motor drives the potentiometer 
0.3, 1, jection. Since the input selector arm. When the bridge balances and 
ted by witch reverses the polarity of the mer- the servo motor stops, the resistance of 
put of ory reference cell, the polarity of the the external resistor appears on the in- 
Othe potentiometer arm always agrees with dicating dials and the scale multiplica- 
id low § ju indicated by the selector switch. tion factor can be read from the posi- 


an ab- Voltage overloads or inverted polari- tion of the range switch. 
andard, ty are indicated by a red signal lamp. 
edance As the servo motor drives the poten- Adage Inc. offers a complete line 


-corder, tometer, the amplitude of the voltage of digital voltmeters as well as consid- 
© Com } applied to the comparator from the po-_ erable additional digital instrumenta- 
T t0O> F sutiometer increases until it equals the tion. Their trade name “Voldicon” 
Itmeter amplitude of the test signal at the other applies to a family of high-speed, all 
dde of the comparator. When this semiconductor, current balancing de- 
ted, re secur the output of the chopper am- vices that use digital logic and readout 
nics, of plifer drops to zero and the servo mo- for high-speed precision measurement 
rpon the fot stops. The indication dials then of analog signals, see Fig 5. 

read the value of the input signal volt- During a Voldicon conversion, the 
age. The decimal point placement and signal input current flows through an 
imal polarity are indicated by lamps input resistor to a comparison point. A 
the tet | Which illuminate appropriate symbols comparator senses the polarity of the 
precision the front panel of the instrument. comparison point and provides an error 
hat ful | Hf the test voltage is too high for the _ signal to the digital logic. In response 
range af scale in use, a limit switch keeps the to a sequence of clock pulses, the digi- 
m of ap dials from rotating more than 40 digits tal logic connects a series of digitally 
oplied t beyond 999 and a neon diode limits weighted precision resistors between 


rinciple, 
ration in 





the comparison point and an internal 
reference. 

At the completion of a conversion, 
the input current is precisely balanced 
by the current through the resistors. 
The total digital value of the balancing 
current is stored in the flip flops and 
may be displayed or read out until ini- 
tiation of the next conversion. 

Each conversion is completely inde- 
pendent of the preceding conversion 
and the speed of the process is such 
that the display looks continuous, al- 
lowing you to follow a rapidly chang- 
ing voltage. 

The Adage meters feature very high 
sampling rates, up to 15 ke on special 
order. On ac, the meter senses average 
but reads rms over a frequency range 
of 50 cps to 1 ke flat to 0.05%. The 
following description of the Adage 
circuit for ac to de conversion is taken 
from a company application note. 

This Adage ac to de conversion 
method is implemented with all solid- 
state precision amplifiers and semi- 
conductor switches. The circuitry used 
represents a specific departure from the 
conventional transformer-coupled diode 
rectifier or ring demodulator tech- 
niques. It is essentially an “averaging” 
technique (normally calibrated to read 
rms) which provides flexible choice of 
either self-synchronous or phase sensi- 
tive measurement of the ac signal. 
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HUGHES AIRCRAFT COMPANY USES 
SEL-REX BRIGHT GOLD PROCESS 


to plate guided missile components 










Magnet holds over 100 Gold 
Plated miniature missile parts. 





















Critical guided missile manufacturing requires the best materials. That’s 
why BRIGHT GOLD and other SEL-REX Precious Metals Processes are 
specified for this work. 

We actually improve the metallurgical properties of precious metals elec- 
troplate. BRIGHT GOLD, for example, gives six times more protection 
with 1% the amount of Gold*, as compared with conventional 24K Gold 
plate. 


*T echnical data on request. 
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MULTIPLE 
INDICATORS 


in a compact ‘‘package’’— 


Ready to Install 


in a minimum of space! 


The DIALCO DATA MATRIX ° 
Manufacturing Service aids you 3 ways: 


(1) Supplies ultra-miniature Lamp Holders with 
read-out Lamp Cartridges...(2) Fabricates panels 
to order...(3) Assembles Lamp Holders on panels. 
For computers, data processing equipment, etc. 


Lamp Holders accommodate DIALCO’s 
own Lamp Cartridges. Shown ¥2 size: 
DATA Matrix No. DM-7538-40 with 40 
Lamp Holders and Cartridges...Shown 
actual size: Incandescent Cartridge 

No. 39-6-1471 with short cylindrical 

lens; Neon Cartridge No. 38-1531 with 
long cylindrical lens. Many other features. 


Complete details in Brochure L-160B. 
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COMPONENTS & 
DIGEST 


Several different standard printed 
circuit modules are used for ac to de 
conversion. These can be combined 
with any of the Voldicon voltage digi. 
tizers to provide instruments capable 
of a wide variety of ac measurements 

The essential mode of operation j 
illustrated by the idealized diagram of 
Fig 6. The input signal is connected 
through a switch to an RC averaging 
network. The voltage on the capacitor 
represents the output of the device. 
The switch is opened and closed by the 
output of the axis crossing detector 
Input to the axis crossing detector js 
the phase reference for the measure. 
ment. To accomplish self-synchronoys 
measurement, the input signal itself js 
connected to the phase reference input 
terminal. 

The significant waveforms for self. 
synchronous ac to dc conversion ar 
shown in Fig 7. The sinusoid V,, the 
input signal to be measured, is shown 
for the case where the input is zen 
until time t = 0, at which time the sig 
nal is connected to the input terminal 
of the device. The switch is operated 
by the axis crossing detector, whow 
input is assumed to be connected to 
the signal waveform. The switch is 
closed for positive values of the signal 
voltage, thus connecting the signal 
waveform to the RC averaging ne 
work, and the switch is open when the 
signal waveform is negative. 

When the switch is open, the voltage 
on the capacitor remains constant sine 
there is no path through which the 
capacitor can discharge. With th 
switch closed, the averaging network 
responds to the input signal, so tht 
voltage on the capacitor “follows” the 
signal with a simple time constant, RC 

The waveforms in Fig 7 illustrate 
the consequence of connecting a signal 
voltage to both signal and phase refer 
ence input terminals at time t=l 
Charge on the capacitor is initially 0: 
With the switch closed, voltage V, 
the capacitor increases as long as 
is less than V,. When V, become 
smaller than V,, the voltage V, de 
creases. When the switch opens, the 
voltage V.. remains constant. After se 
eral cycles, V, arrives at a steady ct 
dition where the constant voltage, 
the switch open, is the same on sf 
cessive cycles of the signal wav 
During the half-cycle in which 
switch is closed, a ripple voltage # 
present across the capacitor. 
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Fig 8 Functional block diagram, ac to de converter. 





ripple present. Subject to certain con- 
graints on the ratio of the RC time 
constant to the period of the signal 
waveform, the constant voltage present 
when the switch is open can be shown 
tp be equal to the average value of the 
positive half-waves of V,. Thus, the 
circuit provides a dc voltage output 
which is a precise measure of the half- 
wave average of the applied signal. 
It is not necessary that the peak-to- 
peak ripple, present during the half- 
wave when the switch is closed, be fil- 
tered all the way down to a level equiv- 
dent to the precision with which the 
measurement is being made: i.e., the 
steady voltage when the switch is open 
equals the half-wave average to an ac- 
curacy of better than .05% of full scale 
wen though the ripple present when 
the switch is turned on is much larger 
than .05% of full scale. The averaging 
result is that the average value can be 
aquired rapidly, in fact, almost an 
oder of magnitude faster than can be 
weomplished with conventional recti- 
fing and filtering, where the filter time 
tstant is constrained to be very large 
order for the ripple to be filtered 
to a peak-to-peak value smaller 
than the desired precision of the meas- 
wement. 

With no frequency compensation, 
Msponse time of the circuit turns out 
be equal to 40 cycles of the lowest 

ney which is to be measured to 
Maccuracy of .05%. With straight- 
d frequency compensation, speed 

Tesponse is improved so that the cir- 

uit responds to within .05% of its final 

within a time interval equivalent 

015 cycles of the lowest frequency to 
measured, 

The functional block diagram of Fig 

‘orresponds more precisely to the 
tthual physical hardware used to per- 

ae to de conversion. A precision 
te operational amplifier is included in 
the ac averaging module to provide 
: gain from the input terminal 
ind also to provide a low output im- 
e so that current may be drawn 

the output terminal even when 
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the switch is open and the output is 
“holding” a constant value determined 
by the charge on the storage capacitor. 

The trigger logic module is used to 
insure that voltage to digital conversion 
occurs only when the ac averaging 
module is “holding” a constant value. 
A single channel of ac to de conversion 
is thus implemented with three stand- 
ard 5 x 8 inch printed circuit modules. 

When ratio measurements must be 
made, two channels of ac to de conver- 
sion are required: one for the signal 
channel and one for the reference chan- 
nel. If the two channels are to operate 
from the same phase reference, it is 
necessary to add to the three modules 
required for single channel operation 


only a single extra module, another ac 
averaging card. The axis crossing de- 
tector and trigger logic are used in 
common to the two channels. 

Completely independent operation of 
two channels requires an ac averager 
and an axis crossing detector for each 
of the channels. For this case, the trig- 
ger logic module can still generally be 
shared by the two channels. 

The ac averager and the axis crossing 
detector modules both provide for in- 
corporation of input ranging resistors 
to accommodate three standard voltage 
ranges: 1 volt, 10 volts, and 100 volts 
full scale rms, at 10,000 ohms per volt. 
Provision for 1000 volts full scale in- 
put, in addition to these three ranges, 
is normally accomplished by an attenua- 
tor external to the cards. 


Kintel, a Division of Cohu Electron- 
ics, Inc., features digital voltmeters de- 
signed to conform with MIL-E-4158A. 
Their model 412 is claimed to be built 
for use with operational ground support 
equipment for missile sites. DC volt- 
ages are measured with 0.01% + 1 digit 
of reading accuracy. AC accuracy is 
within 0.1% of fullscale. 

The initial militarized digital volt- 
meter developed by Kintel was designed 
with the digital voltmeter and digital 
readout in a single package. Since all 
control functions were provided by the 
automatic test system in which the unit 





Although final tests have not been com- 
pleted, information derived from evaluation 
of preliminary instruments, and subsequent 
design improvemeitts indicate that these 
specifications can be met or exceeded. 


Radio Interference Suppression: The Model 
412 shall comply with the requirements of 
MIL-1-6181. 


Humidity: The equipment shall be capable 
of cperating with a relative humidity of 95 
+5% at a temperature up to +83 F and 
thirteen (13) grains per cubic foot up to 
+125 F. The equipment shall be capable of 
withstanding storage at a relative humidity 
of 95 +5% at a temperature of +160 F. 


Operating Temperature: The equipment shall 
be capable of operating in an ambient tem- 
perature at sea level down to —10 F and 
up to +125 F, At a 6000 foot altitude it 
shall be capable of operating at a tempera- 
ture of +80 F plus solar radiation. 


Storage Temperature: The equipment shall 
be capable of withstanding storage without 
damage at temperatures ranging from —80 
to +160 F. 


Altitude: The equipment shall be capable of 
operaticn at any altitude from sea level to 
6000 feet and shall be capable of with- 
standing storage and transportation at any 
altitude from sea level to 50,000 feet. 





TABLE IV 


Environmental Design Goals 
For Kintel Militarized Digital Voltmeter 


Vibration: The equipment shall be capable 
of withstanding conditions of vibration when 
the frequency is varied linearly from 2 to 
27.5 cps and returned to 2 cps in a ten (10) 
minute period and then is varied linearly 
from 27.5 to 52 cps and returned to 27.5 
cps in another ten (10) minute interval, The 
above twenty (20) minutes of vibration shall 
be considered one cycle and each chassis 
shall be vibrated for one cycle in each of 
three mutually perpendicular planes. The 
rate of change of frequency shall not exceed 
one (1) cps per second. The double ampli- 
tude excursion during each ten (10) minute 
period shall be as specified below: 


Double Amplitude 
Frequency Excursion 
2 cps to 27.5 cps 0.125 inch 
27.5 cps to 52 cps 0.036 inch 


Shock: The equipment shall be capable of 
withstanding the shock tests as specified in 
the paragraph entitled “Shock Tests, Pro- 
cedure VI, of MIL-E-4970”. 


Sunlight: The equipment shall be protected, 
insofar as possible from the deteriorating ef- 
fects of solar radiation by the use of pro- 
tective materials of opaque coatings or both. 
Coatings shall be used wherever possible to 
prevent glare from sunlight. 
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was installed, no control panel was re- 
quired. The present model consists of 
the basic digital voltmeter and a separ- 
ate unit housing the digital readout 
and remote controls. While this arrange- 
ment is probably the most useful for 
general applications, the unit can be 
packaged in virtually any other config- 
uration desired. 

The digital voltmeter is constructed 
as a single package with internal seg- 
regation of non-related circuits on in- 
dividual, ruggedized, plug-in assem- 
blies. These assemblies are constructed 
on etched circuit boards with all com- 
ponents of appreciable mass bolted in 
place. Installed, they are firmly sup- 
ported on all four sides. 

The overall packaging technique is 
unique in many respects. Physically 
the instrument consists of a “box-with- 
in a box”, with the inner box being a 
heavy duty chamber containing the sub- 
assemblies which are most vulnerable 
to environmental conditions. This en- 
closure is heavily constructed, well 
sealed, and contains a desiccant cap- 
sule. Electrically, the instrument con- 
sists of three enclosures—the outer case, 
the sealed chamber, and an inner shield- 
ing system. These three are combined 
in an elaborate guarding network that 
provides an exceptionally high degree 
of isolation, permitting normal opera- 
tion in the presence of high common 
mode potentials. 

Importance of this isolation cannot 
be over emphasized. Installations which 
have any appreciable distance between 
the source and the system will invari- 
ably have sufficient common mode po- 
tentials present to seriously affect the 
accuracy and stability of standard com- 
mercial instruments. Unfortunately, a 
good deal of confusion exists as to the 
meaning of common mode rejection, 
floating operation, etc. Therefore it is 
important to view claims of this nature 
somewhat skeptically when they are not 
substantiated by a description of the 
actual tests performed. Environmental 
design goals are listed in Table IV. 

The basic principle of operation for 
Kintel’s Model 501 and Model 412 in- 
volves a Wolff-bridge, an internal stand- 
ard, and a successive comparison of the 
bridge voltage with the unknown volt- 
age. The comparators are choppers 
which compare a known sample of the 
bridge-divided reference voltage against 
the unknown input. Any difference be- 
tween these two signals is processed 
into a “drive” pulse which alters the 
bridge ratio. Hence, when no more dif- 
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ference is observed between the un- 
known input voltage and the divided 
reference, no further pulses are gen- 
erated and a balance is attained. The 
number of steps required to find the 
balance in this way represents the ac- 
tual voltage of the unknown signal. This 
voltage is displayed on a single-plane 
projection-type readout. In their Model 
863BR, the electronic digital voltmeter, 
a somewhat different principle is in- 
volved. Here the chopper grounds the 
unknown voltage between resistive ele- 
ments of a voltage divider. In this mod- 
el the resistors for the voltage division 
are switched by a series of diodes until 
the mid-point of the voltage divider is 
at ground level. Then, no further error 
signals are obtained. 


Cubic Corporation provides a wide 
range of digital instrumentation based 
upon the digital voltmeter and a variety 
of auxiliary apparatus. These instru- 
ments include the usual devices for de 
and ac voltage measurements and resist- 
ance measurements. The unit construc- 
tion of digital instruments simplifies 
systems development to fit specialized 
requirements. Sophisticated systems can 
be “customized” with standard units. 
Additional units can be added to in- 
crease system capabilities. Some of the 
specialized devices are a dc voltmeter 
unit of the self-balancing potentiometer 
type, a control unit which includes 
power supply, precision reference, and 
difference amplifier for the voltmeter. 
This control unit powers all units in 
a Cubic digital system. A preamplifier 
amplifies voltages from +10 microvolts 
for reading by the voltmeter. Its ac- 
curacy is +0.01%, and its gain is 10. 
An ac converter accepts ac input volt- 
ages and converts them to dc to be read 
by the voltmeter. Additional Cubic 
standard models are used for ratio 
measurement, scanning instrumentation, 
time display instrumentation, and print- 
er control units. 


Electro Instruments, Inc. has devel- 
oped a line of sixteen different digital 
multimeters to permit selection of the 
exact functions required to minimize 
equipment cost. These analog to digital 
converters are all electronic, featuring 
totally transistorized circuitry, with 
consequent high reliability in a mini- 
mum size and weight package and low 
power consumption. Components are 
mounted on plug-in printed circuit 
cards for ease of preventive and opera- 
tional maintenance. 

The entire line of instruments exhi- 
bits a combination of high input imped- 
ance (1000 megohms on de voltage and 
de ratio measurements), 4 digit accur- 
acy, automatic ranging, automatic pol- 
arity, and high speed. A pre-regulated 
zener diode bridge with the diodes in 


a temperature-stabilized oven deyg 
an output reference with temperature 
stability and drift characteristics better 
than 0.005%, according to the manuf 
turer. Necessary control logic js avail. 
able at rear panel connectors for ey 
ternal control. Models with electric 
outputs and print control capabilities 
operate directly in multi-point scanp; 
and print-out data logging systems with, 
out additional circuitry or auxiliary 
equipment. 

A sensitivity control is provided m 
each instrument to overcome unusual 
noise conditions, giving at the sam 
time a qualitative measurement of th 
noise present. 


A unique development by Electro Ip. 
struments, Inc. is their true rms digit 
voltmeter. This instrument incorporate 
a temperature stablized diode network 
operating on the square law principe 


to yield a true rms voltage reading rp. 


gardless of the ac waveform or de. The 
manufacturer claims accuracy of 0)J§ 
for crest factors up to two for frequency 
inputs from 50 cps through 5 ke, » 
well as dc. The instrument can typi 
cally read to this accuracy distorted 
sine waves, square waves, and triangu 
lar waves. Typical balance time is} 
seconds, with a maximum of 5 second 
per range. 


A completely transistorized digit 
voltmeter by Electronic Associates, Ine 
features high speed and high accuracy, 
Their Model 26.070 has a 4 decimal d 
git readout to an accuracy of +0.0lf 
of full scale and 1 digit, with an ave 
age frequency of 200 readings per se 
ond. Polarity indication is automatic 
Decimal and binary coded decimal vl 
ages are available as an electrical ot 
put. Special output codes, higher cat 
version speed, and remote range 0h 
trol are available, as well as a vamel 
of accessories including an ac-de a 
verter, high speed printer, input cit 
mutator systems, and _ special oulpt 
programmers. 





Epsco manufactures a fast, partite 
larly compact multi-purpose multi-at 
put digital volt-ohm meter, consis 
of a fully-transistorized analog-to- dig 
tal converter and digital display, @ 
basic converter is a dc, ac, am 
tance to decimal digits converter, ® 
ing up to 100 independent conversit 
per second. The unit measures 
de and ac voltages from 1 milli 
1000 volts, and resistance from 1 
to 1.0 megohms. The accuracy 5s 
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matically displayed. 
The unit sweep or ramp method of 
conversion is used. A linear sweep is 
ted internally under the control 
a timing source and is compared 
with the unknown data voltage and 
with ground. Oscillator pulses are gated 
on by the first of the two comparison 
and gated off by the second. 
These pulses are accumulated in a 


‘Yecimal counter. This counter output 


jsdecoded and presented visually as an 
inline, in-plan decimal display. The 
im of the in-put voltage is automatic- 
ily determined by the order in which 
the two comparison pulses occur. For 
aresistance measurement, the unknown 
ysistor becomes the feedback resistor 
ofthe in-put chopper-stabilized opera- 
fonal amplifier. An internal 10 volt 
wference voltage is applied across a 
precision input resistor to generate a 
est current through the unknown re- 
distor. For ac measurements, the peak 
input signal is detected, digitized and 
displayed as 0.707 of the peak value. 


Beckman/Berkeley Division, of Beck- 
man Instruments, Inc. markets a pop- 
war digital voltmeter in which a hun- 
ted kilocycle signal is counted for an 
interval proportional to the input dc 
yollage, using the precision ramp func- 
fin to establish the interval as de- 
sribed above. This modestly priced 
medium accuracy portable unit is all 
dectronic, provides a binary coded out- 
put, and permits measurements to 1504 
full scale. 


Electro-Logic Corp., applying strobo- 
wopic readout techniques to an analog 
wage balancing system, has devel- 
wed a digital unit with 0.4% accuracy 
ithe low cost of $295. This design 
gmerates a voltage ramp function by 
witinuously rotating a long-life con- 
ive plastic potentiometer ener- 
td by a dc reference voltage. 
(nipled to the shaft of the pot is a 
thm with a series of 250 numbers 
equal intervals along a transparent 
section indexed to correspond in 
mpitude with the pot’s voltage ramp 
io. The numbers show through 
mill holes in the drum surface. 
Ameasuring circuit which continu- 
sy Compares the pot’s wiper voltage 
mi the unknown voltage triggers a 
tthe lamp circuit when the two volt- 
= are equal. The lamp circuit 
mS two strobe lamps which illu- 
miate the number on the drum cor- 


"Wading to the magnitude of the 
balanced 


sued voltage when the number 

_ with a projection lens. 

me the comparison is made once 

Mth revolution, the strobe lamps 
stop the number correspond- 


or 
te the unknown voltage. The num- 
then optically enlarged and 


projected onto a ground-glass screen 
on front of the instrument. At a drum 
speed of 24 rpm, the apparatus pro- 
duces an apparently steady number 
indication. 

A major factor in the development 
of this instrument was the choice of a 
conductive plastic sweep potentiom- 
eter, manufactured by Markite Corp. 
Because of the high rotational speed 
required by the design, performance 


of a conventional wire-wound pot 
would degrade due to wear causing 
linearity problems within a relatively 
short time. Conductive plastic resistance 
track presents a hard, smooth, uninter- 
rupted surface to withstand wear 
from wiper contact at high speed. 
Under life test in this system, the 
conductive plastic pot has maintained 
specified accuracy after 130 million 
revolutions. 
END OF COMPONENTS DIGEST #18 

















By the process of electroplating 
it is often possible to combine the 
desirable properties of metals 
having widely different 
characteristics. For example, a 
Gold plated Tungsten wire 
combines the extremely high 
tensile strength of Tungsten with 
the solderability of Gold. Many 
other combinations are possible. 


Write for list of products 








SIGMUND COHN 


121 SOUTH COLUMBUS AVE. MT. VERNON, N.Y. 
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Servoed Phase Shifter 


Servomechanisms which follow or gen- 
erate phase-modulated carriers may be 
simplified through use of a passive 
phase generator. It produces a carrier 
phase shift at constant amplitude which 
corresponds to the rotation angle of 
the input shaft. The complete device 
is servo-mounted. Its output can be 
impedance-loaded without adverse 
error effects. Phase accuracy is 20 min. 
Theta Instrument Corp., Saddle Brook, 
N.]J. 
Write No. 414 in Box on Inquiry Card 


Drum Dials 


Precision engraved drum dials are 
available in four basic diameters, 1%”, 
2”, 2%” and 3”. Units are made to mil 
specs, black anodized with white filled 
engraving and provide exact vernier 
reading within six seconds of a degree. 
PIC Design Corp., Long Island, N.Y. 
Write No. 325 in Box on Inquiry Card 





New Components For 


Electromechanical Systems 


Tach Generators 


Indicating speeds up to 5000 rpm for 
nearly any machine tool or industrial 
process application, new low-cost ac 
and dc tachometer generators install 
more easily than previous models. 
Shaft dia. now increased to 5/16 in. 
makes shaft strength roughly three 
times that of former models. Minimum 
full-scale speeds range as low as 0-300 
rpm. General Electric Co., Schenec- 
tady, N. Y. 
Write No. 304 in Box on Inquiry Card 


Heat Exchanger 


Removing heat at a rate of 3 kw, 
heat exchanger cools transmitter com- 
ponents in high precision missile track- 
ing systems. Transmitter components 
are encased in heat absorbing sulfur 
hexafluoride. The unit circulates 600 
cfm of SFs6 over coils through which 
cooling water circulates. IMC Mag- 
netics Corp., Westbury, N. Y. 
Write No. 312 in Box on Inquiry Card 





































Microcircuit Decks 


Practical microcircuit building block 
in the form of a universal logie deck 
performs an inverter/amplifier fune. 
tion; two of the decks can be con. 
veniently plugged into an intercon. 
nection panel to form a standard 
flip-flop circuit. Designed by CBS 
Electronics, Danvers, Mass., as a uni. 
versal logic module, the basic micro. 
deck can be used for a variety of 
logic functions by appropriate cop. 
nections of the various active and 
passive elements. Special intercon. 
nection panels make possible cop. 
venient and_ reliable connections 
among a number of microdecks, Ca 
pable of accommodating future ad- 
vances in component integration, the 
decks can be supplied as soon as 
appropriate with vacuum-deposited 
thin-film resistors in place of dis 
crete resistors. Similarly, thin-film 
capacitors and semi-conductors in 
either subminiature or unencapsul- 
ated form can be used when reliabil- 
ity data permit. 
Write No. 419 in Box on Inquiry Card 
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with 
ESCO 

Type JM 
ROTARY 
SWITCH. 






Manufactured to 
BuShips drawing 815-1853019 
and Specification MIL-S-21604. 










@ Sections 
@ Positions 
® Action 
@ Contacts 
® Rating 
® Mounting 


up to 25 
up to 12 





| $j ot om Ae Ato tna. | 


ELECTRO SWITCH CORP 
th (Boston 88), Massa 
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POLES 


can be controlled 
by a single handle 


detent, 30° indexing 
break-before-make or make-before-break 
5 amp. 125 volts a-c at unity power factor 
..back of panel 


For detailed information 
ask for Bulletin 22. 


chusetts 






ADD/SON [@ 








SENT UPON REQUEST 


pa /SiurevanT /co 
[QUALITY] 
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“TORQUE WRENCH" MANUAL 


Formule 
Application 
Engineering Do! 
Screw Torque Do 


ILLINOIS General Princip 


Manufacturers of over 85% of the torque wrenches used !" 





tion of 30 
50 microse 
full load. 
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range of 6 
mensions a 
and two w 
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Elasco, Inc. 
Write No. 
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Plug Button Seckets 


‘ned for small lamps, sockets snap 
in easily but securely in panels, tubes, 
pipes OF chassis. Line includes sockets, 

lights, and lamp holders with five 
sandard plugs, or other plug sizes 
to order. In many cases, the 
ition of the plug on the socket shell 
can be adjusted as required. Sockets 
come with single terminals and one or 
two wire leads. Leecraft Mfg. Co., 
inc. New York, N.Y. 
Write No. 302 in Box on Inquiry Card 


2Amp DC Power Supply 


Series of power supplies offers outputs 
of 6, 12, 18, 24 and 28 volts at 2 
amps, each variable to +1 volt. Rip- 
ple is 5 mv, peak to peak, with line 

tion of 5 mv and load regula- 
tion of 30 mv max. Response time is 
530 microseconds or less, no load to 
full load. Of full semiconductor de- 
sgn, the units operate with an input 
of 105 to 125 volts and a frequency 
range of 60 to 400 cps. Physical di- 
mensions are 842 x 8% x 3 in. high 
ad two units may be mounted side 
by side on a 3% x 19 in. rack panel 
or as a subassembly on either an 
8% x 8% in. or 8% x 3 in. space. 
Elasco, Inc., Roxbury, Mass. 

Write No. 306 in Box on Inquiry Card 
























DYNACO 


50,000 DYNACO 
COMPONENTS 

AVAILABLE FROM STOCK! 
Gears ¢ Shafts ¢ Differentials 


Transmission * Speed Reducers & Gearheads 


GEAR CO. INC. 
AMITYVILLE, 


NEW YORK 
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Solid State Servo Amplifier 


Measuring 6” x 6” x 11” and weigh- 
ing 12 lbs., a 20 w 60 cps general pur- 
pose servo amplifier operates on both 
de and ac input signals. A 100 mv in- 
put causes a 115 v, 60 cps output to 
rated load. Unit is self protecting from 
overload due to excessive input signal. 
Input impedance: over 300 k for signa] 
input and 25 k for tach input; output 
impedance: less than 100 ohms; noise 
output: negligible; waveform shows 
less than 10% harmonic distortion. Gain, 
zeroing, output, level and tach con- 
trols are provided, plus a control to 
adjust an internal damping network for 
de signals. K-F Products, Inc., Denver, 
Colo. 
Write No. 343 in Box on Inquiry Card 


Silicon Diodes 


Hermetically sealed in fused - glass 
packages, 35 silicon diodes are imper- 
vious to moisture and contaminants 
and meet and exceed MIL-S-19500B. 
Reliable operation up to 200°C _ is 
claimed for the 0.265-inch by 0.105- 
inch diodes. In four categories, the 
units are: high-conductance, high-re- 
sistance; high-conductance, high-con- 
ductance, general purpose; and gen- 
eral purpose. Raytheon Mfg. Co., 
Needham, Mass. 
Write No. 426 in Box on Inquiry Card 














Photoelectric Scanner Relay 


Time-response adjustment that per- 
mits a light-beam to be interrupted 
repeatedly for intervals shorter than 
the selected delay-time makes a pho- 
toelectric scanner relay suitable for 
such uses as monitoring the move- 
ment of parts through handling sys- 
tems. Provides positive indication 
when parts fai] to feed or when 
they jam up on a moving conveyor. 
Delay can be as little as 50 milli- 
seconds or up to 1% seconds. Var- 
ious light-source/photocel! combina- 
tions permit choice of scanning dis- 
tance and use of direct light or a 
proximity sensor. Farmer Electric 
Products Co., Inc., Newton Lower 
Falls, Mass. 


Write No. 695 in Box on Inquiry Card 
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128 PAGES! 
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A 120-AMP SHOCK FOR ENGINEERS 
who feel they “know brushes”’! 


Ohio Carbon’s Electrographitic Brush Grade D5S 
rated at 80; runs at 120 amps per square inch! 


Capable of a load of 120 amps per square inch, 
commutating well at 350°F and at 5000 fpm, with 
a kinetic friction coefficient of less than .4, yielding 
low abrasive action but creating a thin, stable com- 
mutator film free of selective action or grooving, 
and working well in the presence of silicone insula- 
tion (wherever not fully enclosed)...Ohio’s Brush 
Grade D5bS is but one of the outstanding D series 
for compact, modern, high-speed, high-h.p. motors 
and high-k.w. generators. 
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D5S load-wear graph and full 
information on request...from: 








DEPT. 288 
CLEVELAND 11, OHIO 

















































































The nervous system « tis asrs 


submarine detecting set gets surgical attention at Singer- 
Bridgeport. Capability in electro-mechanical assembly 

and precision machining is now being demonstrated in a range 
of military and industrial projects at this fast growing facility. 


To meet critical prime and subcontract production 
requirements, Singer-Bridgeport offers both engineering 
capability and unexcelled facilities. Test and quality 
control equipment encompass environmental, 
acceleration, vibration, shock temperature, altitude, 
humidity and salt spray in simulation of extreme 
adverse operating conditions. 


These extensive facilities for engineering, test and 
production are described in a comprehensive brochure. 
It is yours for the asking. ian 


SINGER * 







& SINGER-BRIDGEPORT 


A DIVISION OF THE SINGER MANUFACTURING COMPANY 
915 Pembroke Street Bridgeport 8, Conn. 





*A Trademark of THE SINGER MANUFACTURING COMPANY 


CIRCLE NO. 60 ON INQUIRY CARD 











BOOK REVIEWS 











Book Computer fC 


Kirk Finley Carlsten 

Karsten Gene Hellebust 

900 pages. $15.00 

Metron Instrument Co. 

432 Lincoln St., Denver 8, Colo. 


With a Book Computer, you can multi. 
ply and divide to six significant { 
The tables are a photographical 
duction of the output of a digital com. 
puter. Calculations are said to be five 
times faster than log tables and mop 
accurate than a slide rule. Also, square 
and cube roots, reciprocals, common 
logs and products of (n) x and (n} 
7/4 are listed for all numbers from 1 
to 999. The Book Computer is sold gy 
a ten day approval-basis. i 


Handbook of Chemistry and 
Physics, The 42nd Edition 
3400 pages, $12.00 

The Chemical Rubber Co. 

2310 Superior Ave., Cleveland, Ohio 


Over 200 prominent collaborators, whp 
are recognized in their own science t 
search fields, have contributed to mak 
up the 3400 pages of latest data clas 
fied under five handy indexes in tb 
new edition of the well-known hank 
book. New tables include: Diffusiong 
Metals, Interplanetary Orbits, Standatl 
Types of Stainless Steel, to mentions 
few. Among the revised, expanded ai 
up-dated data are: Atomic Weight 
Trade Names of Plastics, Nuclear Spin 
and many others. 












Applied Engineering Mechanics - 


Alfred Jansen and Harry H. Chenowdl 
409 pages, $6.50 Be 
McGraw-Hill Book Co. 4 
330 W. 42nd St., New York 86, NI 





Book emphasizes the use of scieiil 
reasoning rather than compli 
mathematics for solving engineeti 
problems. Easy to read, easy to unit 
stand and use, it is also suited ® 
brush-up work. The volume procti® 
from easy to difficult phases of af 
neering mechanics, clarifying the pi 
ciples advanced with numerous iit 
trations. Covering 151 separate te to this 
cal topics, this revised second edit 

helps you to a more thorough In 

practical knowledge of basic engié 

ing fundamentals and demonstrates? 

application of these with easily 1 

lowed examples. More than 

problems, with 50% of the answets® 

plied, help you test and mastet® 

theories advanced. This book # 

you the steps to take in solving 6% 

of technical problems, and pro 
workmanlike and effective stanaae’ 
practice. 


















ELECTROMECHANICAL 


WURLITZER ee emodern facility 


for miniaturized electronic Components 





A pioneer in the field of miniaturized Inquiries Invited 
electronic components, Wurlitzer’s contributions ELECTRONICS AND DEFENSE 
‘ ‘ P . P . PRODUCTS DIVISION 
to this highly technical territory have been increasingly 

significant. Suffice to say, we have the facilities and THE WURLITZER COMPANY 

North Tonawanda, N.Y. 
capabilities for rendering the same sophisticated 
support as is presently being enjoyed by those 
whose work is geared to the common goal 


of national security. 





WUuRLIIZER Research Engineering Production 
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ae 


a unique optical shaft position 
encoder for servomechanisms, 
data reduction, navigation 
systems, programmed 

control systems 


*¥ Miniature size (2.312 dia. by 154”) with 
no sacrifice in resolution 


*¥ Instantaneous interrogation 
* Low torque — will not load shaft 


*¥ Reliable — low power photocircuit and ab- 
sence of moving contact insure long life 
and high reliability 


*¥ Economy —moderate cost, extensive life, 
and lack of required maintenance reduce 
overall control system costs 


For details on standard OPTISYNS get Bul- 
letin #604, 


SPECIAL DESIGNS 


OPTISYN Gimbal Angle Readout Encoder — 
the first digital transducer specifically for iner- 
tial guidance or navigation platforms. Provides 
direct digital readout. Lightweight. Convenient 
shape and size will fit available space. For de- 
tails get Bulletin #606. 


OPTISYN Incremental Pickoff for readout of 
integrating accelerometers. High reliability and 
basic versatility make it ideal for this very ex- 
acting requirement. Available for size 35, 25 
and 16 accelerometers. For details get Bulletin 
#605. 


DYNAMICS 
RESEARCH 


CORPORATION 


38 Montvale Ave., Stoneham, Mass. 
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For Your Literature File 


NEW CATALOGS 


Most of these catalogs contain complete specs, mounting configurations 
and other important details associated with the application of the products 
described. For your free copy of the catalogs listed on this page, enter 
the appropriate number of the item on the Inquiry Card. 








Copper Alloys 964 


“Metals for electrical and electronic appa- 
ratus” includes a check list for electrical 
conductivity ratings of 56 copper alloys and 
a listing of mill shapes for each alloy (sheet, 
rod, wire, tube) and typical uses based on 
physical and mechanical property character- 
istics. Alloys are divided into nine groups: 
coppers, brasses, non-leaded brasses, tin 
brasses, phosphor bronzes, cupro nickels, 
nickel silvers, silicon bronzes and aluminum- 
silicon bronzes. (8 pp.) Bridgeport Brass Co., 
Bridgeport, Conn. 


Capacitors 966 


Complete line of capacitors includes types 
that comply with Mil C-14157B. A mylar film 
dielectric type in a plastic case is said to be 
attractively priced. (4 pp.) Victoreen Instru- 
ment Co., Chicago, Il. 


965 


Brochure describes ac and de motors ranging 
from fractional hp miniature motors to inte- 
gral 25 hp units. Examples of ac phasing 
capacitors and radio frequency interference 
filters are included. Airesearch Mfg. Co., Los 
Angeles, Calif. 


Motors 


Chart shows all of the electrical and me- 
chanical characteristics of seven basic types 
of relays as well as coil data and available 
enclosures. A nomogram in which operating 
speed can be calculated plus supplemental 
information such as speed, pressure conver- 
sion and temperature rise curves has been 
included. (4 pp.) American Machine & 
Foundry Co., Princeton, Ind. 


Telephone Relays 


Precision Connectors 967 


Special designs and a description of crimp 
type removable contact connectors are given 
in addition to highlights and specs for printed 
circuit, miniature and power connectors. (8 
pp) DeJur-Amsco Corp., Long Island City, 


960 


Technical characteristics, specs, ratings and 
outline dimensions are given for 50, 150 and 
250 ounce-inch synchronous motors that fea- 
ture instant starting, stopping and reversing. 
Conventional, militarized and explosion proof 
types are offered with or without planetary 
gear speed reduction assemblies. All have a 
basic shaft speed of 72 rpm at 60 cycles and 
can be used as constant speed ac motors or 
as dc stepping or incremental positioning 
ae (8 pp.) Superior Electric Co., Bristol, 
onn. 


Synchronous Motors 


962 


Twenty-eight standard models of linear, non- 
linear and sine-cosine potentiometers, ranging 
in size from 34” to 5” dia., are classified in 
terms of case design, clamp band configura- 
tion and mounting. Phase-shifters, solenoid 
detent spring return mechanisms, cam-actu- 
ated micro switches and _ electro-magnet 
clutches and brakes can be incorporated into 
these units. (6 pp.) Fairchild Controls Corp., 
Hicksville, N.Y. 


Wirewound Potentiometer 


Rotary Switches 





Information on 3072 hermetically sealed rotary 
switches includes complete control and 

formance data, environmental conditions, 
cycles, voltage codes, and approximate “hold. 


in” resistor values. (13 pp.) Lede 
Dayton, Ohio. er 
Magnetic Reed Switches 970 


Hermetically sealed for use in dry or wet 
atmospheres, switches will operate in any 
position. Included are data on actuation 
methods and mechanism (mechanical andj 
electro-magnetic), test charts for life exper. 
tancy, method of code identification, and a 
permanent magnet chart with typical make 
and break contact distances. (6 pp.) Hamlin, 
Inc., Lake Mills, Wisc. 


Drafting Pencils 971 


Pencils specially designed for work on draft. 
ing film; for color coding on tracings; and 
for making temporary work notes on draw- 
ings are included in a comprehensive selec- 
tion of drafting pencils, leads and holder. 
(24 pp.) J. S. Staedtler, Inc., Hackensack, NJ. 


Silicones 954 


More than 25 applications for silicones in 
military and commercial aircraft, in 

and in ground support equipment are dé 
scribed. Silicone products such as fluid 
rubber, potting materials, sealants, and 
tective coatings are covered. (8 pp.) 
Corning Corp., Midland, Mich. 


Test Instruments 955 


Complete line of integrated instruments for 

automatic measurement of sound, vibra 

and strain are covered. Included are @ 

meters, analyzers, voltmeters, 

bridges, oscillators and many other devices 

je pp.) B & K Instruments, Inc., Cleveland 
io. 


FHP Motors 956 


How a spectrophotometer is used to malt 
chemical analyses and how a speed 
electronic process can _ translate computer 
language and print or display 
at the rate of 20,000 letters, numbers a 
symbols ~~ second, are descri as 
cations of FHP motors. (4 pp.) Bodine 
tric Co., Chicago, Ill. 


Back-Up Rings 957 


Designed to greatly increase O-ring seal Ht 
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contour shaped back-up rings are m 

one continuous circle. Eliminates ons 
extrusion, pinching or biting and will 
“collapse” or cold flow into op oo 
apes (6 pp.) Parker Seal Co., Culver 
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Sixty five industrial cathode ray tube 
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R 


SELF-ALIGNING 
BEARINGS 


ROD END 
TYPES 


PATENTED U.S.A. 
All World Rights Reserved 


PLAIN TYPES 





CHARACTERISTICS 
ANALYSIS RECOMMENDED USE 


For types operating under high 
temperature (800-1200 
degrees F.). 


Stainless Steel Ball 
and Race 


For types operating under 
high radial ultimate loads 
(3000-893,000 Ibs.). 


Chrome Alloy Steel 
Ball and Race 


normal wi ini 
Chrome Steel Ball orma loads ith minimum 
friction requirements. 


**Dyflon''® Plastic 
Alloy Inserts. CRES 
Ball and Race. 
Chrome Alloy Steels. 


For types operating under 
rotational, high radial loads 
and long cycle life 

where lubrication is impossible. 


2 

3 Breaue Race. onl For types operating under 
Z 

Thousands in use. Backed by years of service 
life. Wide variety of Plain Types in bore sizes 
3/16” to 6” Dia. Our engineers welcome an 
opportunity of studying individual require- 
ments and prescribing a type or types which 
will serve under your demanding conditions. 
Southwest can design special types to fit indi- 
vidual specifications. Write for Engineering 
Manual No. 551. Address Dept. EMD-60 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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SPECIFICATIONS 
BY Vile 


VARI | 


0 
1000 -+ with over 1000 standard so- 
lenoid designs to choose from, and the 
Jargest engineering staff in this field... 
PSP can quote highly critical specifications 
literally by the yard. 


State your problem: PSP engineers will se- 
lect or modify standard models, and cus- 
tom engineer units to solve your specific 
system or component problem. 


Environmental, qualification, and produc- 
tion testing laboratory .. . parts fabrication 
shops... complete within PSP’s facility— 
provide unequalled flexibility to meet strin- 
gent requirements. 


SOLENOIDS AVAILABLE: DC Linear; 6 to 
300 VDC, and AC 400 CPS Rectified Types 
to 4” diameter ¢ Sub-Miniature Types ¢ 
High Temperature Types to 1000°F @ Cry- 
ogenic Types to —400°F e¢ Pressurized 
Types to 10,000 psi ¢ DC Rotary Sole- 
noids, 6 to 300 VDC, sizes 34” and larger; 
0° to 60°, CW or CCW rotation. © Inter- 
mittent or continuous duty models, to MIL- 
§-4040C, MIL-E-5272 and MIL-E-5400 e 
Mounting and electrical connections to re- 
quirement ¢ Other PSP products: Minia- 
ture Solenoid Operated Pneumatic Valves 
® Solenoid-Switch Assemblies. 

Write for detailed information on specific 


requirements. 
IP [P 
os 


engineering company 


DIVISION OF IMC MAGNETICS CORP., N. Y. 
6058 WALKER AVE. ¢ MAYWOOD, CALIF. 
LUdiow 34785 . TWX LA 1664-U 
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For Your 3-Ring Binder 
NEW DATA SHEETS 


Most of these data sheets contain complete specs, mounting configurations 
and other important details associated with the application of the products 
described. For your free copy of the data sheets listed on this page, entes 
the appropriate number of the item_on the Inquiry Card. 





DC Relays 919 


Up to 50% adjustment of the drop-out-to- 
pull-in ratio for marginal relay operations 
is provided by sensitive dc relays. Resistant 
to 50g shock, they also withstand vibration 
up to 500 cps at 10g. Standard contact rating 
is 2 amps at 29v de or 1 amp at 115v ac. 
Weighing 2 oz. maximum, the relays measure 
34” dia. and 2-5/64” overall. Allied Control 
Co., Inc., New York, N.Y. 


Time Delay Relays 917 


Solid state electronic timing devices provide 
delay periods form 0.020 to 300 seconds, with 
delay-on-drop-out. Units require a continuous 
source of 28 vde input power plus a 28 vdc 
control voltage. AC relays provide delay 
periods from 0.050 to 300 seconds, with delay 
action occurring on pull-in. Tempo Instru- 
ment Inc., Hicksville, N.Y. 


Socket Cap Screws 648 


Dimensional standards, concentricity limits, 
and threading dimensions are given for socket 
cap screws. Screw's large head size (142 times 
body diameter) distributes the load over a 
large area, often eliminating the need for a 
washer and providing a greater holding power. 
The Bristol Co., Waterbury, Conn. 


Environmental Sensing Devices 649 


Three technical data sheets describe two ab- 
solute air pressure switches and one gas den- 
sity switch. Used primarily as control or warn- 
ing devices, the switches monitor pressures 
or densities of gas or vapors either in sealed 
containers or in open systems. Newark Con- 
trols Co., Bloomfield, N.J. 


Vibrachopper 650 


In a solid state vibrachopper, the design of 
the low level chopper eliminates the necessity 
of supplying a ac driving source at a fixed 
frequency. A self-contained adjustable- 
frequency vibrator drives the chopper under 
optimum conditions. Activation is induced 
merely by supplying a de voltage with low 
power drain. Solid State Electronics Co., 
Sepulveda, Calif. 


Plastics 653 


Brochure discusses the application of value 
analysis and its results to a series of different 
products in the electrical, electronic, and 
mechanical fields. Examples explain how the 
use of specific plastic materials improve de- 
sign and utility, cure processing and assembly 
time and reduce cost as high as 75%. 
Spaulding Fibre Co., Tonawanda, N.Y. 


Precision Differentials 906 


Subminiature solid shaft differentials with a 
guaranteed backlash ra of 5 minutes max. 
are of all stainless steel construction and 
contain double ball bearing suspension for 
minimum torque. Hollow shaft differentials 
with a unique integral V-block clamp design 
for positive locking and minimum space en- 
velop are said to be 30% smaller than other 
available units. Backlash rating is 5 minutes 
max. Empire Flight Components, Inc., Bell- 
more, N.Y 


Microreproduction System 


Folder discusses the new standards and @ 
of the Defense Department's engineering 
microreproduction system. Aperture cards 
form the basis of the system are expe 
and illustrated. Minnesota Mining ar 

Co., St. Paul, Minn. 4 


Power Supply 


Low cost transistor regulated de power 
plies have an output voltage range of 44 
v de with current ratings from 1.5 to 15a 
Rated input is 105 — 125 v ac, 60 

phase. Regulation is within + 44% for 
and load changes and ripple does not 

5 mv rms. Opad Electric Co., N.Y., N¥e 


DC Magnetic Amplifiers 


Low level magnetic amplifiers provide’ 
outputs of + 7.5 volts de with input sign 
the low millivolt range. Units operate @ 
temperature range of —55 to 35 C an 
used in complex data amplification 

trol systems. Transfer curves are if 
Airpax Electronics, Inc., Fort Lauderdale 


Precision Potentiometer 


Developed especially for high reliability} 
cations, precision potentiometers conf 
meet their original specs after 2,000 hr 
eration at 150 C. Standard resistance 4 
range from 100 to 50,000 ohms with conf 
ties of 0.14% if required. Terminals are 
anteed against any type of da e & 
snapping of turrets which requires 
mately 45 in. oz. torque. Carter Mfgii 
Hudson, Mass. a 


Potentiometers 


Using only a pencil point you can 
to 42 degree, save valuable man-he 
the need for special tapping m 
curacy’s Inc. potentiometer. ttings ¢ 
changed by eye in 30 seconds for f 
applications. Accuracy, Inc., Wal 


Filters 


Special purpose filters for telemeteri 
pass, high and low pass, amplifier, 
nator and aircraft glide slope indie 
cations are hermetically sealed, af 
MIL-F-18827A. Chicago Standard 
Corp., Chicago, Ill. 


Computer Diodes 


Employing a technological breakthno 
the formation of its junction, a BOI» 
computer diode is said to be at least 
faster than any production diode ever 
Its guaranteed recovery time 
seconds is given only to accommos 
measuring limits of standard sampk 
loscopes. In development tests, compt 
switched from ten milliamps fo 

to minus six volts reverse voltage W 
than 0.2 nanoseconds recovery Umey 
capacitance for the total diode: 0.78 
Rectification efficiency: 25% at ¥ 
Hughes Aircraft Co., Newport Beachy 


Resistors On a Reel 


Purchase resistors by the yard 

newly developed ‘‘Reel-Packs”. Seek 
tate storing, holding and positi 4 
for automatic feeding in automate@s 
lines. Principal use at present is 

circuit boards for computers, guidand 
and similar electronic equipmem 
Leonard Electric Co., Mount Vernoms 
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